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ADVERTISEMENT 


TO   THE   THIRD    EDITION 


The  two  former  editions  of  this  work  were  based  upon  the  exceUent 
Manual  of  Professor  Brande,  but  the  progress  of  chemical  science  has 
rendered  it  necessary  to  deviate  so  much  from  his  arrangement,  that  in  the 
present  edition  it  has  been  entirely  remodelled.  In  several  institutions) 
where  this  work  had  been  in  use  as  a  text  book,  it  became  necessary  to 
seek  for  some  other,  in  consequence  of  its  having  become  out  of  print. 

Several  editions  of  Dr  Turner's  Elements  of  Chemistry  having  ap- 
peared in  this  country,  under  the  able  supervision  of  a  gentleman  eminent 
for  his  scienii6c  attaimnents,  that  work  was  adopted  in  many  institutions. 
As  Dr  Turner's  work  was  not  so  practical  and  elementary  as  was 
desirable,  a  new  edition  of  it,  calculated  to  meet  the  wants  of  beginners, 
was  commenced  by  the  compiler  of  this,  but  was  subsequently  relinquished 
on  learning  that  Professor  Bache  Was  preparing  a  new  edition  of  the  former. 

In  August,  1838,  a  part  of  this  new  edition  was  published,  since  that 
time  no  more  of  it  has  appeared.  The  delay  was  attributed  to  the 
decease  of  the  author,  but  it  was  soon  after  announced  that  the  publication 
of  the  sixth  edition  of  the  Elements  would  be  continued  by  the  brother  of 
Dr  Turner  and  Professor  Liebig.  A  portion  of  their  joint  work  appeared 
in  London,  a  part  of  which  was  repubhshed  in  this  country,  ana  t/ew 
pages  followed  in  England  on  organic  chemistry.  More  than  a  ykin  has 
elapsed  and  no  more  has  been  published.  Under  these  circumstances, 
and  at  the  repeated  request  of  gentlemen  connected  with  various  coUeees, 
a  new  edition  of  this  Manual  was  conmienced  and  has  been  completed,  in 
which  is  incorporated  much  of  the  most  important  elementary  part  of 
Turner  and  Liebig's  work. 

It  was  deemed  advisable  to  reduce  the  size  of  the  work,  and  to  embody 
more  practical  details  and  more  copious  experimental  illustrations,  than 
are  generally  given  in  the  larger  works. 

This  edition  has  therefore  been  compiled  from  the  volumes  of  Turner, 
Brande,  Faraday,  Liebig,  Thomson,  aoiS  others,  and  as  an  introduction 
to  them,  with  no  more  alteration  than  was  required  to  preserve  uniformity 
and  connexion.*     The  frequent  references  and  designation  of  the  writers' 

*  Noaerous  errors  (probably  oT  the  press)  ia  the  English  edition  of  Turner  and  Liebig's  work 
haT«  beta  corrected. 
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names  by  the  initial  letters,  will  enable  those  who  are  desirous  of  studying 
the  subjects  more  in  detail  to  turn  to  the  originals. 

Chemical  formulae  have  been  largely  emplc^ed  in  the  present  edition  : 
those  of  Turner  and  Liebig,  so  far  as  they  have  been  used  in  the  three 
parts  of  the  sixth  English  edition  of  Turner's  Elements  that  have  apoeared. 

Dr  Thomson's  recent  volume,*  the  most  complete  treatise  on  Organic 
Chemistry  which  we  have  in  the  English  language,  has  been  made  the  basis 
of  the  division  to  which  it  relates.  In  that  work  the  author  has,  with  vast 
labour,  collected  and  embodied  the  materials  that  have  been  for  several 
years  accumulating  from  the  labours  of  the  French  and  German  chemists, 
and  which  are  scattered  through  so  many  of  their  works  and  journals. 
Although  in  Organic  Chemistry  the  arrangement  of  Dr  Thomson  has 
been,  for  the  most  part,  followed,  it  has  not  been  rigidly  adhered  to,  as  it 
promised  more  advantage  to  the  beginner  to  connect  the  description  of 
some  substances  more  immediately  with  the  bodies  affording  them. 

As  but  a  very  limited  portion  of  time  is  given  to  the  department  of  what 
has  been  usually  called  Animal  Chemistry,  in  most  institutions  and 
courses  of  lectures,  it  was  concluded  that  a  very  concise  chapter  would 
answer  the  purpose.  Many  of  the  facts  also  that  have  usually  been 
arranged  in  that  division,  are  previously  alluded  to  in  the  preceding 
chapters.  It  was  therefore  thought  that  the  account  of  animal  substances 
in  the  text  book  of  Dr  Reid,  of  Edinburgh,  with  some  additions,  would 
be  sufficient. 

In  regard  to  chemical  analysis  its  details  have  now  become  so  extended, 
that  they  require  a  distinct  work,  and  as  those  who  intend  to  prosecute 
them  must  very  much  rely  upon  their  familiar  acquaintance  with  chemical 
science,  and  refer  to  the  treatises  particularly  devoted  to  this  depart- 
ment, what  related  to  that  subject  in  former  editions  has  been  omitted. 
No  one  who  intends  to  prosecute  chemical  analysis  will  fail  to  consult  the 
ample  details  of  Rose,  Berzelius,  Faraday,  Dumas,  and  the  various 
Journals  and  Transactions  in  which  the  original  analyses  and  papers  have 
appeared. 

jElectricity  and  Electro-Magnetism,  are  now  most  usually  discussed 
in  collegiate  courses  of  instruction  in  the  department  of  Mechanical  Phi- 
losophy. 

The  description  of  complicated  apparatus  has  been  avoided,  as  such  is 
seldom  attainable  by  the  pupil  and  not  necessary  for  elementarv  study. 
So  also  has  it  been  thought  sufficient  to  refer,  for  abstruse  points  of  theory, 
and  description  of  complicated  processes,  to  original  papers,  to  which 
those  who  zealously  undertake  the  study  of  chemistry  will  necessarily 
have  recourse.  The  full  descriptions  of  processes  in  the  Chemical  Arts^ 
given  by  Dr  Ure  in  his  lately  published  Dictionary  of  Jirtt  and  Manu- 
jacturti^  have  rendered  it  uiaocessary  to  retain  many  in  the  present 
edition  of  this  work. 

Copious  tables  of  chemical  formula;  and  of  atomic  weights,  which  had 
been  prepared,   have  been  omitted,  as  it  was   found  that  their  insertion 

*  ChtmUhy  <^f  Organic  BodU;    London:  1638.    pp.  1076. 
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would  have  materially  increased  the  size  and  expense  of  the  volume,  and 
such  are  at  band  in  the  larger  works  on  the  science. 

To  the  gentlemen  who  bare  aided  the  progress  of  the  work,  by  public 
documents,  valuable  suggestions,  or  written  communications,  the  compiler 
would  express  bis  obligations,  especially  to  the  Honorable  John  Qumcy 
Adams,  K.  M.  Patterson,  Esq.,  of  the  U.  S.  Mint,  Professor  Silliman, 
A.  A.  Hayes,  Esq.,  Drs  C.  T.  Jackson  and  S.  L.  Dana,  as  also  to 
Francis  Peabody,  Esq.,  of  Salem,  for  his  usual  liberality  in  allowing 
several  new  instruments,  from  his  richly  appointed  laboratory,  to  be  copied 
and  described. 

In  accordance  with  a  better  taste  which  prevails  among  the  scientific 
men  of  Europe,  all  tides  have  been  omitted,  it  being  deemed  sufficient 
that  the  names  quoted  are  considered  as  atUhorxHes. 

Hartard  Univkrsitt,  Cambridge,  1839. 


Note. — All  tho  articles  of  iippanitus  figured  in  this  work  nro  now  manufactured  or  fur- 
Bwbed  by  N.  B  Chamberlain,  Philosophical  Instrument  Maker,  School-street,  Boston.  The 
gia«  apparatuii  is  beautifully  made  by  the  New-England  Glass  Company,  and  Electro- Mag- 
netic Apparatus  by  Daniel  Davis,  Jj  Comhill,  Boston. 


NOTE. 

The  letter  D.  refers  to  Davy's  Elements  of  Chemical  Philosophy. 
H.      *'  Henry's  Chemistry. 

U.      '*  Ure's  Dictionary  of  Chemistry. 

M.      **  Murray's  System  of     do. 

T.      •*  Turner's  Ist  and  2d  part. 

Tr5  **  '*  ElemenU,  5th  edition. 

T.  and  L.  refer  to  Turner  and  Liebig's  continuation. 
T.  in  chap.  ix.  refers  to  Thomson's  Organic  Chemistry. 
B.  '*         Brande's  Manval. 

F.  **         Faraday's  Chemical  Manipulation. 
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IJXPLAiNAl^ION  OF  PLATES 


Description  of  Fro?itispicce. 

TigH.  I  and  2  represent  a  modification  of  the  Argand  lamp,  contrived  by  DrC.  T.  Jack- 
i*oii,  nnd  which  ho  has  callcrl  oxyulcohui  and  air  l)last  lamp. 

lig.  1.  A,  reservoir  for  alcohol  containing  10  oz.  measures ;  I*,  connecting  tube  from 
rc>tT\oir  to  burner ;  C,  burn>>r  containing  the  elevator  nnd  blow-pino  ;  D,  blast  tube  for  oxy- 
Zi.'U  or  air  from  the  bellows  or  gasometer  ;  e  e^  inner  cylinder  or  i)low-pi))€,  expanded  to  a 
trumpet  form  at  top,  where  the  opening  may  be  regulated  by  turning  the  screw  /  /,  so  as  to 

bring  it  nearer  or  farther  from  the  interior  lip  of  the  elevator, /*/,  the  space  ought  to  bo  f-Ju 
im  h.  g  jr.  w  ick  elevated  by  means  of  a  spiriil  groove  in  the  elevator,  //,  and  the  outer 
cylinder,  h  A,  which  has  a  slit  and  points  to  move  it  by  turning  the  clumney-holder,  ii. 
L  A,  cliiuinev  made  of  mica  and  supported  by  two  copper  rings  and  striijs,  see  Fig.  3. 

Fig.  2.  l^he  lamp  ready  for  work.  A,  reservoir;  IJ,  burner ;  C,  blast  tube  connected 
wilh  the  gasometer  or  bellows  |)ipe,  and  controlhul  bv  a  cock  in  order  to  shut  otfor  let  on 
the  blast  at  )>lea.'iure  ;  E,  crucible  of  platina  on  a  stand  ring  and  support  fixed  by  the  clamps 
r.  and  /';  ^,  s<;rew  for  fixing  the  lamp  at  any  rofjnircd  liciglit  on  the  rod  or  stand  ;  A,  brass 
retort  ring  fnr  larger  vessels  used  to  support  a  retort,  or  lor  evaporations,  digestions,  &.c. 

I'l;.'  3.  Copper  frame  for  a  mica  chimney.  The  mica  being  rolled  it  is  inserted  so  that 
the  lajtping  edges  come  under  one  of  the  copper  stri()s,  U  k.  When  the  ends  of  the  copper 
►trip"*  are  bent  down  and  p'l-ssed  tight  so  as  to  si?curc  the  mica  in  place  :  one  frame  will 
outla-i  many  mica  chimneys. 

F:g.  4.  *,  india-rubl>er  cloth  bag  and  weight  j,  for  oxygen  gas,  when  a  gasometer  is  not 
at  hand. 

When  the  l.imp  is  to  be  used,  the  reservoir  is  charged  with  alcohol  at  1)0°  strength,  an^k- 
if  ovvijrn  g:is  is  to  be  employed,  a  little  "  spirit  gas''  may  be  adde<l,  but  good  alcohol  is 
J. r<  lira  I  do  The  cup  is  unscrewed  from  the  boiioni  of  the  burner  and  the  lower  orifice 
«  l<»«.cd  by  a  good  cork.  The  blast  tube  is  raised  or  depressed  as  re<piiied  to  produce  the 
best  edect  on  the  flame.  The  platinum  crurible  is  heated  to  full  redness  by  the  natural 
rurn  .it  of  air  ;  then,  having  raised  the  wick,  on  urging  a  blast  by  means  of  bellows,  a  vary 
jiitt  ii«ie  heat  will  be  obtained. 

This  lamp  is  very  powerful  when  used  with  oil  .ind  a  blast  of  hot  air,  tho  air  being 
heated  in  a  copper  lube  over  a  charcoal  fire  in  a  wire  grate  ;  all  the  smoke  is  consumed. 
With  this  lamp  a  piece  of  lime  or  njagncsia  niny  be  as  intensely  ignited  as  in  Druuiniond's 
apparatus  (*ir>l). 

liy  throwing  a  current  of  oxygen  gas  outside  the  flame,  a  more  perfect  combustion  of  oil 
takt  s  plac«',  but  the  wick  will  then  re(|uire  to  be  elevated  by  means  of  a  rack  and  pinion. 
The  outside  current  is,  however,  n<»t  wanted,  a  suliicienlly  high  temp<?rature  fi)r  most  pur- 
ln.t>i'<  bting  obtained  without  it. 

'Ibese  lamps  are  manufactured  by  Hooper  and  IJIahe,  IJoston. 

Fig.  r»,  ri  presents  an  air  pump  constructed  by  ('liautbrrlain,  of  Boston,  for  Harvard  College. 
The  mterfial  length  of  tho  barrel  is  13  iiichc)*,  and  tlic  diameter  4  inches.  The  piston  rod 
pasM's  through  an  air-tight  collar,  the  upper  part  t)f  which  is  concave,  to  receive  oil,  and  into 
which  the  oil  that  is  thrown  out  when  the  piston  is  elevaited,  is  conve>  cd  by  a  small  bent  tube 
p.issing  out  of  the  upper  tlange  over  \lv.\  upper  valve.  Tin?  lower  valve  is  formed  by  G  small 
ht:lt«  covered  with  leather,  and  there  is  a  similar  valve  in  tlu;  upper  flange  opening  upwards. 
|{\  ihi-J  arrangement  the  atmospheric  pressure  is  cut  oli',  and  at'ier  the  first  stroke  by  which 
the  air  alxive  the  piston  is  removed,  the  pump  cm  be  worked  wilh  great  ease  and  rapidity. 
Wtlhin  the  receiver  on  the  pump-plate,  is  represented  a  .section  of  an  improved  mctnod  of 
«  xpiniing  water  to  sulphuric  a»'id  (11)5;.  Tlie  gla.ss  di^h  has  an  opening  in  its  centre,  oo 
(111- t  l<  \  ated  edge  of  which  the  small  dish  containing  the  water  is  securely  supported. 
I'lj  »^  nntl  .-  icpresents  the  arrangenu  lit  for  covering  the  wnter  with  a  brass  plate,  ^see  nolo 
;»a;!o  r'Hj  while  tho  exhaustion  is  making,  'l^ie  plate  is  then  raised  by  means  of  the  rod 
v\ijirh  pa»s(  !i  through  an  air-tight  cap,  and  the  water  lre<'/es. 


X  Dtscription  of  Frontispiece. 

The  piston  is  constructed  of  two  plates  of  brass  and  one  piece  of  leather ;  the  lower 

ftlate  being  of  the  same  diameter  as  the  barrel,  the  upper  plate  is  small  enough  to  admit  tho 
cathcr  turning  up  between  it  and  the  barrel ;  tho  whole  piston  is  only  one  half 
or  five  eighths  of  an  inch  thick.  Fig.  6  is  an  cnlargedNlfQOtion  of  the  barrel  and  piston 
of  the  pump. 

Fig.  7y  rcproeents  De  Luc's  electrical  columns,  consisting  of  many  hundred  discs  of  sil- 
ver-leaf and  thin  discs  of  zinc,  alternating  with  writing  paper,  or  silvered  paper  and  zinc, 
or  silvered  paper  and  oxide  of  manganese,  so  arranged  within  the  vertical  and  parallel  glass 
tubes,  that  the  dissimilar  metals  are  in  contact,  and  each  pair  thus  formed,  is  separated  by 
the  paper.  The  tubes  are  terminated  by  small  bells  in  metallic  connexion  with  the  upper 
discs.  The  series  commences  with  silver  in  one  tube  and  is  terminated  by  zinc,  or  tho 
other  metal  employed,  while,  ii]  the  other  tube,  the  drder  of  the  discs  is  reversed.  A  deli- 
cate metallic  clapper  suspended  between  the  columns,  on  a  glass  support,  will  be  attracted 
and  repelled.     See  page  92. 

Fig.  9,  is  a  representation  of  Clarke's  electro-magnetic  machine.  A,  horse-shoe  magnets 
confined  to  the  upright  support  by  a  clamp  and  screw.  B  is  the  armature,  with 
coils  of  silked  copper  wire,  which  revolves  in  front  of  the  poles  of  the  magnets,  mo- 
tion being  communicated  by  the  wheel  C,  which  is  turned  by  the  hand.  D  H,  brake-pie- 
ces. The  terminations  of'^  the  coils  are  soldered  to  a  brass  cylinder,  being  insulated 
by  a  piece  of  hard  wood  attached  to  the  brass  stem.  O  O,  iron  wire  springs  pressing 
apainst  the  cylinder  F,  at  one  end.  Q  Q,,  a  metal  spring  that  rubs  upon  the  brake-piece 
if.  T,  a  bent  copper  wire  connecting  brass  straps,  on  the  block  L  I'hus  E,  H,  Q, 
P,  N,  are  in  connexion  with  the  commencements  of  each  coil,  and  F,  O,  M,  with  the  ter- 
minations. 

Fig.  10  shows  the  arrangement  for  decomposing  water  by  means  of  the  above.  Water  is 
placed  in  a  glass  tube  B,  in  a  gloss  vessel  A,  through  the  bottom  of  which  the  platinum 
wires  pass.     To  the  glass  vessel  a  brass  cup  is  altacned,  from  which  proceed  stout  wires 

ring  into  holes  in  the  brass  straps  on  M  and  N.  The  wire  Q,  rubs  on  the  break-piecc 
VVhen  the  armature  is  made  to  revolve  the  decomposition  of  the  water  takes  place. 
For  a  more  particular  description  see  Clarke's  account  of  tho  instrument,  &c.  in  Jlwier. 
Jour.  vol.  XXX.  100. 

Fi^.  11  represents  a  new  self-registering  thermometer,  which  was  exhibited  at  the  last 
meelmg  of  the  British  Association.  A  is  a  glass  tube  filled  with  pure  spirit  of  wine.  B  is 
a  continuation  of  the  sam(»,  but  much  smaller,  which  is  to  bo  about  half  full  of  quicksilver 
to  support  the  spirit  in  the  long  tube.  Upon  the  quicksilver  at  G,  is  a  float  supporting 
lie  wire  C,  which  wire  has  a  knee  or  bend  in  it,  with  a  small  eye,  which  runs  upon  tho 
xed  wire  D,  carrying  an  index  or  pointer ;  £  is  the  scale  which  must  be  made  experi- 
mentally. If  any  change  takes  place  in  the  bulk  of  tho  spirit,  the  quicksilver  is  also  af- 
fected, and  with  the  silver  the  ivory  float  G,  carrying  the  index  or  pointer,  which  shows  at 
once  the  degree  of  temperature  upon  the  scale ;  this  is  the  simple  action  of  the  thermome- 
ter* To  make  it  register,  the  two  light  indexes  or  pointers  F,  move  upon  the  wire  D,  their 
own  friction  keeping  them  wherever  they  are  placed.  To  set  it,  the  pointer  F,  below  the 
thermometer's  index,  must  be  pushed  close  up  to  it,  and  the  pointer  F,  above,  pushed  down 
it ;  and  it  is  evident  that  if  any  change  of  temperatdrc  takes  place,  the  thermometer's  in- 
dex will  move  the  registering  index  eithei  auove  or  below,  and  leave  it  there,  thereby 
showing  tho  extreme  rise  and  fall  of  the  thermometer  in  any  given  time.  The  action 
of  the  air  upon  the  quicksilver  is  also  provided  against.     Eighth  Rep,  Brit.  Jlssoc.  1839. 
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Plate  1.     Apparatus  for  the  Solidification  of  Carhonic  Acid. 

Fi^.  1.  A.  A  cylinder  of  wrouffht  iron,  23  inches  in  length,  4  in  diamelcr.  terminated  by 
ca»t  iron  hemispheres;  supported  by  two  gudgeons  on  an  iron  frame,  upon  which  it  revolves. 

d.   A  copper  lube  closed  at  bottom,  for  holdmg  acid. 

D.  The  same     j.  brass  hook  for  removing  the  acid  holder. 

Fig.  2.    B  Cylinder  of  wrought  iron  to  receive  the  gas.     Of  the  same  size  as  A. 

A.  A  small  tuf>e  passing  down  to  withm  a  short  distance  from  the  bottom,  up  which  the  lique- 
fied gad  is  forced  by  the  pressure  of  the  ^s  above. 

C  A  brass  t»ox,  4  inches  in  diameter  4  m  depth,  to  receive  the  solidified  gas. 

•-  The  same  without  the  cover,  shewins  the  mterior ;  the  horizontal  pipe,  (the  mouth  of  which 
IS  also  seen  io  C,  under  the  upper  clamp  ov  which  and  the  one  below,  the  cover  is  confined  when 
I'm  liojc  IS  used,)  fiu  upon  a  short  jet  3.  The  centre  of  each  part  of  the  box  is  pierced  with  several 
small  boles  conunnnicaling  with  the  wooden  handles,  which  are  hollow  and  open  to  allow  of  the 
escay  c  of  the  ezpandinj?  gas-  In  front  of  the  inner  mouth  of  the  horizontal  pipe  is  a  short  curved 
slip  ui  sheet  brass  for  the  purpose  of  preventing  the  solidified  gas  being  too  rapidly  driven  out 
of  the  tuodles. 

y.  A  copper  pipe  16  inches  ia  length  and  ^  inch  in  diameter,  terminated  by  connecting  pieces, 
by  meaosol  which  the  two  iron  cylinders  can  be  connected,  for  the  transfer  of  the  gas. 

^.  A  hold  fast  of  iron  with  a  small  projection  that  fits  into  the  hole  W  in  fig.  1.  By  this  the 
cyTioder  caa  be  secured  from  turning  when  the  plug  or  valve  is  opened. 

h.  A  wrench  for  turning  the  plug.      ' 

I.  Small  brass  wrench  for  turning  the  steel  screw  of  the  valve-plugs  in  the  upper  parts  of  the 
tylioders  A.  B. 

IK.  A  vessel  of  zinc,  holding  the  quantity  of  water  required  for  each  charge.  *  . 

n.  A  funnel  of  zinc  for  introiducing  the  carltonate  of  soda  into  the  cylinder  A.  / 

Fig.  3.  Section  of  one  of  the  connecting  screws  and  pipe;  the  small  projecting  part  on  the 
flan?e  of  the  pipe  fits  into  the  outlet  of  the  screws  of  the  vnlvo  plugs  1  ana  2. 

The  cylinder  A  may  be  called  the  Generator^  H  the  Receiver,  The  materials  employed  for 
e«ch  charj^  of  the  Generator,  are,  Bicarbonate  of  Soda  in  powder  2j  lbs. ;  Water  at  100*'  6^ 
lbs. ;  Sulpnuric  acid  1  lb.  7^  oz. 

The  valve  plugs  are  of  brass  and  alike,  but  a  section  of  one  only  is  represented  (in  Fig.  I.  A.) 
with  a  doable  cone  of  steel,  which  isaccuratelv  ground  to  its  seat ;  the  stem  is  cut  into  a  fine 
•crew  and  posses  through  the  upper  part  of  tno  valvepiu;?,  it  is  screwed  up  or  down  by  means 
of  the  wrench  t  having  a  square  hole  into  which  the  square  end  of  the  stem  fits.  It  will  be 
seen  that  when  the  cone  is  screwed  up  there  is  an  outlet  for  any  gas  from  the  cylinder  through 
the  horizontal  branch  of  the  valve-plug,  and  when  it  is  screwed  down  the  passage  is  closmi. 
The  openine  under  the  cone,  through  the  lower  pert  of  the  valve-plug,  is  one  tenth  of  an  inch 
dameter.  When  the  cone  it  screwed  up  no  gas  can  escape  above  t/,  as  the  upper  part  is  also  well 
ground  to  a  conical  cavity. 

To  charge  the  gentrator .  Unscrew  the  valve  plug  and  remove  it  from  the  end  of  the  cylinder ; 
throii;;h  the  funnel  n  pour  in  the  soda  salt ;  add  the  warm  water,  remove  the  funnel,  and  with  a 
stick  stir  the  salt  and  water,  breaking  down  any  lumps.  Pour  the  sulphuric  acid  into  the  copper 
acid  holder  D,  and  with  the  hookj  introduce  it  mto  the  generator.  Remove  the  hook  and  having 
carefully  cleaned  all  the  screws  with  a  tooth  brush  (not  with  a  cloth)  and  oiled  them,  screw  in 
th«  valve  plug  making  it  secure  by  the  aid  of  the  wrench  and  holdfast.  Screw  down  the  steel 
valve  firmly.  Turn  the  generator  and  cause  it  to  revolve  several  times,  that  the  acid  may  be 
thrown  upon  the  soda ;  repeat  this  and  occasionally  allow  the  cylinder  to  remain  with  the  valve 
downward.  Let  the  generator  remain  5  or  10  minutes  in  the  position  represented  in  the  plate, 
until  the  gas  has  disengaged  itaelf  and  collected  in  the  upper  part  of  the  cvlinder.  Having  pre- 
viously cooled  the  receiver  in  iced  water  (in  which  it  should  be  immersed  up  to  the  valve)  con- 
nect it  with  one  end  of  the  pipe/*  securing  the  screw  with  a  wrench.  Connect  the  other  end  of 
the  pipe  with  the  valve  plug  of  Fig,  2.  B  also  very  firmly.  Open  the  steel  valve  of  the  rcceivar 
by  screwing  it  up  entirely— then,  slowly,  and  partially,  open  that  of  the  generator.  The  gas' 
will  pnss  over  and  in  about  two  minutes  the  pressure  will  be  equalized,  no  more  gas  then  pasi- 
tnv ;  rlo^e  the  steel  valve  of  the  receiver  ana  then  that  of  the  generator.  Disconnect  the  gen- 
emior.  ojiea  the  valve  to  allow  the  remaining  gas  to  escape,  having  a  vessel  ready  to  receivs  the 
li'iuid  which  soon  follows.  When  no  more  liquid  Bosses  out,  remove  the  valve-plug,  |4hoe  it  I&  «•  *•  • 
1  Usin  of  clear  water ',  and  having  liRM  out  Ulfffllfld  holder,  pour  out  the  sulphate  of  loda 
sad  wash  oat  the  iniide  of  the  generator  with  i»iMp>  Repeat  the  charges  in  the  same  mamier 
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as  Ion?  as  any  gas  is  heard  to  pass  from  the  generator  to  the  receiver.  Nine  charges  I  hare 
usually  found  sufiicient,  wliich,  if  well  mannged,  will  completely  till  the  box  E  with  solid  gas 
several  tiroes. 

To  ohltiin  the  solUl.  Having  previously  cooled  the  box  in  ice,  wipe  it  dry  and  secure  the  top 
on  with  the  clamps.  Screw  the  coupling  and  short  jet  (3)  upon  the  valve  plug  (as  represented  i) 
of  the  Uecciver.  Place  the  receiver  between  the  knees,  and  the  box  upon  the  jet.  Open  the 
steel  valve,  slowly,  until  a  white  vapour  issues  from  the  handle^,  of  the  box;  gradually  enlarge 
the  opening,  and  when  the  brass  box  has  become  thickly  covered  with  the  condensed  and  frozen 
vapour  of  the  apartment,  the  farther  escape  of  the  gas  may  be  stopped  by  closing  the  valve.  On 
removing  the  box  and  opening  it,  the  white  solid  acid  will  be  found  within. 

The  greatest  care  is  necessary  to  avoid  introducing  any  dirt,  fibres  of  wood,  cloth,  &c.  into 
the  vessels,  as  they  are  liable  to  be  forced  under  the  valves  and  into  the  small  tubes  and  thus 
defeat  the  process. 


Plate  II. 

Figs.  I  and  2  represent  a  method  of  washing  precipitates :  which  will  be  often  found  use- 
ful. By  this  arrangement  a  column  of  pure  water  can  be  made  continually  to  pass  through  a 
powder  or  precipitate.  A  flask,  or  bottle  a,  fig.  2,  is  filled  with  water  and  is  closed  by  a  cork, 
navinga  glass  tube  of  the  shape,  fig.  1,  passed  through  it.  This  tul)e  may  be  about  four  inches 
in  length  and  half  an  inch  in  tliameter.  When  the  flask  or  bottle  is  inverted  as  in  fig.  2  «,  the 
water  will  run  out  only  till  the  air  within  it  is  expanded  to  a  certain  degree,  the  capillarity 
of  the  tube  a  fig.  I,  not  allowing  the  escape  of  any  water  into  the  air.  But  if  the  lube  a  is 
plunged  into  a  litjuid,  the  water  from  the  flask  or  lioltle  will  flow  into  the  liquid.  As  the  air  ex- 
pands the  water  IS  forced  down  the  tube  d  and  a  bubble  of  air  passes  from  d  through  b  and  as- 
cends into  the  bottle.  A  correponding  quantity  of  water  is  forced  down,  and  every  successive 
bubble  of  air  has  the  same  effect.  This  water  flows  out  at  the  point  a,  and  if  that  point  is  dip- 
I>ed  into  a  liquid  contained  in  a  funnel,  the  level  of  the  water  in  the  latter  is  kept  at  the  same 
point,  as  for  example  at  the  linec,  fig.  1.  Fig.  2  exhibits  the  arrangement,  with  a  vessel  below  to 
receive  the  filtered  liquid. 

jfig.  3,  4.  5.    Gahn's  cylinder  holder  for  flasks,  cylinders,  jars,  &c.    5  represents  the  principal 
portion  of  this  apparatus  (seen  from  above).     Fig.  4,  exhibits  the  same  in  profile.     The  instru- 
%l^  ment  is  made  of  wood.     A  slit  ^ih  of  an  inch  deep  is  made  in  the  block  at  a  !>,  and  in  this  slit  a 

strong  baud  or  ribbon  of  the  same  width,  is  placed,  the  end  of  it  being  secured  by  a  thick  edge 
or  seam  down  the  side  b.  The  end  of  this  band  is  then  carried  round  from  a,  in  the  direction 
A  k  G  i  E  and  through  the  slit  fg-,  (fig.  4.)  into  the  conical  hole  C,  where  it  is  fastened  in 
another  slit  k  t,  cut  in  the  conical  peg  D.  The  band  is  wound  up  round  the  conical  peg  and  fixed, 
when  necessary,  by  pressing  the  peg  into  the  conical  hole.  The  band  can  be  loosened  by  slack- 
ening the  conical  peg.  If  a  glass  cylinder  as  G  (fig.  G)  is  placed  in  the  triangular  opening  h  i  it 
can  be  held  fast  or  let  loose  at  pleasure.  The  other  part  of  this  apparatus  consists  of  a  frame 
(fig.  3)  I  H  M,  which  can  be  screwed  to  the  side  of  a  pneumatic  trough  by  the  screw  at  M.  The 
upright  rod  D  is  cylindrical,  the  arm  I  square  and  adapted  to  the  square  hole  F  in  fig.  4.  The 
screws  N  and  K  permit  any  required  adjustment. 

Fig.  6  represents  a  convenient  apparatus  for  condensing  vapours,  a  6,  A  tube  of  tin  3  inchei* 
wide  17  incncslong.  c,  A  leaden  pipe  passing  along  inside  to  within  an  inch  of  each  extremity  of 
the  tin  lube,  ilis  open  at  the  lower  end,  but  passes  through  the  wide  lul>e  near  the  top  termi- 
nating in  a  funnel,  c,  A  pipe  entering  the  upper  side  of  the  larger  tube,  close  to  where  tne  other 
pipe  pas.ses  out,  and  hanging  down  an  inch  or  two  below  the  wide  tube.  This  short  lube  is  open 
at  !)oth  ends.  A  glass  tube,  25  inches  in  length,  is  placed  into  the  tin  tube  through  corks  at  a 
and  b  which  fit  the  latter  and  prevent  the  passage  of  water.  The  glass  tube  should  oc  somewhat 
tapering,  about  an  inch  wide  at  the  upper  end  and  rather  less  than  half  an  inch  at  the  lower  end. 
Tiie  upper  end  should  be  bordered  or  have  a  rim,  so  as  to  permit  the  insertion  of  a  cork.  Water 
pourca  into  the  funnel  d  can  only  escape  after  traversing  the  lube  ate  and  thus  the  glass  tube  can 
r>e  kept  surrounded  by  cold  water. 

Fig.  7.  Cooper's  mercurial  receiver,  d  d,  The  receiver  to  be  filled  with  mercury  5  a  basin  is 
placed  below  the  mouth  to  receive  what  may  be  displaced  by  the  gas  as  it  passes  in  from  the 
flask  a. 

Fig.  8  represents  SeflTstroem's  support,  made  entirely  of  wood.  The  pieces  can  lie  adjusted  by 
means  of  the  screws,  to  grasp  a  vessel  or  iul>c  and  support  it  at  any  desired  height  or  angle. 

Fi^.  9.  IIarc^9  (im>aratu8  fnr  cxploiling  hydroa^i-n  and  cidorine.      A  flask  is  half  filled  with 
chlorine  and  transferred  to  the  pan  P  with  its  orifice  over  that  of  a  pipe  communicating  with  the 
_and  flexible  pipe  extending  to  a  self-regulating  reservoir  (Fig.  120,  page  123)  of  hydro- 
>e  flitsk  IS  surrounded  with  a  cylinder  of  wire  gauze.     Just  before  the  exploMon  is  de- 


Hjjfcpogen  is  admitted  to  displace  the  water  left  in  the  flask.     The  pan  should  contam  water 
SdAfirto cover  the  mouth  of  the  flask,    Ajpirror  is  used  to  reflect  the  solar  rays  upon  the 
fiask.    Bet  Amer.  Jour.  zxix.  243.       *^lBS^  ^ 
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CHAPTER  I. 

OP  THB   POWERS  AND   PROPERTIES   OP    MATTER  AND    OP  THE 
GENERAL  LAWS  OP  CHEMICAL  CHANGES. 

1.  It  is  the  object  of  Chemistry  to  inTestigate  all  changes  in  theobj«ctof 
constitution  of  matter,  whether  effected  by  heat,  mixture  or  other  cb^nus^nr- 
means.* 

Most  of  the  substances  belonging  to  our  globe  are  constaatly  un- 
dergoing  alterations  in  sensible  qualities,  and  one  variety  of  matter 
becomes  as  it  were  transmuted  into  another.  Such  changes, 
whether  natural  or  artificial,  whether  slowly  or  rapidly  performed, 
are  called  chemical. t  The  ends  of  this  branch  of  knowleage  are  the 
application  of  natural  substances  to  new  uses,  for  increasing  the 
comforts  and  enjoyments  of  man,  and  the  demonstration  of  the  order, 
harmony,  and  intelligent  design  of  the  system  of  the  earth. 

2.  The  foundations  of  chemical  philosophy  are  observation,  ^xpe-py^^^. 
riment,   and  analogy.      By  observation,   facts  are   distinctly  andtioot. 
minutely  impressed  on  the  mind.     By  analogy,  similar  facts  are 
connected.     By  experiment,  new  facts  are  discovered ;  and  in  the 
progression  of  knowledge,  observation,  guided  by  analogy,  leads  to 
experiment,  and  analogy,  confirmed  by  experiment,  becomes  scientific 

truth.     D.  1,1.  * 

*  The  word  Ckemiatry  seems  to  be  of  Es[y|»tian  origin,  aod  to  hare  been  originally  ^^^  ^  ^^ 
eqoiTalettt  to  oar  phrase  natural  philomhif  in  its  most  extensiye  sense.  In  process  of  ura. 
tune  It  seems  to  hare  acquired  a  more  limited  signification,  and  to  bare  been  confined 
xotJu  art  of  working  metalt.  In  the  third  century,  we  find  it  used  in  a  much  more 
lunitrd  sense,  signi^ing  the  art  of  making'  gold  and  n/oer.  Those  who  professed 
this  art  gradually  assumed  the  form  of  a  sect,  under  the  name  of  Alchemists;  a  term 
which  is  supposed  to  be  merely  the  word  chemitt,  with  the  Arabian  article  al  prefixed. 
The  great  onject  of  the  alchemists  was  to  find  out  the  means  of  conTerting  the  baser 
■wtals  to  gold,  and  the  grand  instrument  by  which  this  was  to  be  effected  was  the 
philoeopher'a  stone.    T.  i.  19. 

t  Chemistry  is  the  science  which  treats  of  those  erents  and  changes  in  natural  bo-  BtftiuttoM. 
diet,  which  are  not  accompanied  by  sensihlemotions.    T«  L  18. 

h  is  the  <^ject  of  Chemistry  to  discover  and  explain  the  changes  of  composition  that 
eecw  among  the  integrant  ancl  constituent  parts  of  different  bodies.    H.  i.  12. 


V    ; 


2  JiUracHon — Particles  of  bodies. 

chMp,  I.        3.  In  the  present  state  of  our  knowledge,  it  will  be  inost  conve- 

Arraoge-     nient  to  begin  the  study  of  chemistry  with  the  discussions  relating  to 

i»cnt.         (^Q  general  powers  or  properties  of  matter,  and  afterwards  to  proceed 

to  the  examination  of  inaividual  substances,  and  to  the  phenomena 

which  they  offer  when  presented  to  each  other  under  circumstances 

favorable  to  the  exertion  of  their  mutual  chemical  agencies. 

The  powers  and  properties  of  matter,  connected  with  chemical 
changes,  may  be  considered  under  the  heads  of  1,  Attraction;  2, 
Heat;  3,  Electricity;.  4,  Light. 


^ 


Section  I.     Attraction. 

Attraction       ^*  -^^^  bodies  composing  the  material  system  of  the  universe  have 
at  M9iblt  a  mutual  tendency  to  approach  each  other.     The  operation  of  this 
diftanceii   force  extends  to  the  remotest  parts  of  the  %  planetary  system.     The 
smaller  bodies,  that  are  under  our  more  immediate  observation,  are 
influenced  by  the  same  power,  and  fall  to  the  earth's  surface,  when 
not  prevented  by  the  interference  of  other  forces.     From  these  facts 
the  existence  oi  a  property  has  been  inferred,  which  has  been  called 
attraction,  or  more  specifically,  the  attraction  of  gravitation.     Its 
nature  is  entirely  unknown  to  us.     The  attraction  between  these 
bodies  takes  place  at  sensible  distances  ;  it  exists  in  all  known  forma 
of  matter ;  and  it  acts  upon  them  directly  as  the  mass,  and  inversely 
as  the  square  of  the  distance, 
ight.         5.  The  force  required  to  separate  a  body  from  the  surface  of,  the 
earth,  or  prevent  it  from  descending  towards  it,  is  called  its  weight. 
Partidet  of     6.  Of  the  nature  of  the  particles  of  which  bodies  are  composed, 
boditt.       ^Q  1^1^ Y^  QQ  satisfactory  evidence.     In  simple  bodies  they  must  be  all 
of  the  same  nature,  or  homogeneous.     In  compound  bodies,  we  un- 
derstand by  the  term  particles,  the  smallest  parts  into  which  bodies 
Atomf.       can  be  resolved  without  decomposition.     The  word  atom*  denotes 
both  these  kinds  of  particles.     When  two  atoms  of  difierent  kinds 
unite  to  form  a  third  or  compound  atom,  we  may  term  the  two  first 
component  atoms ;  and  if  these  have  not  been  decomposed,  they  may 
be  called  elementary  or  primary  atoms.  H.  i,  28. 
CoDtinoat     7,  "phe  attraction  exerted  between  these  minute  particles,  or  atoms, 
*  '^  ^°'  when  thev  are  placed  in  apparent  contact,  and  which  is  efifectiveonly 
at  insensible  distances,  has  been  called  contiguous  attraction,  and  has 
%heen  distinguished  as  it  is  exerted  between  particles  of  matter  of  the 
same  kind,  or  between  particles  of  a  different  kind.     When  the  par- 
ColMtioB.    tides  of  the  same  kind  are  united  to  form  an  aggregate  or  mass,  they 
are  sometimes  said  to  be  united  by  the  affinity  of  aggregation,  the 
cohesive  affinity,  or  cohesion. 
Bffaetaof        8.  This  attraction  preserves  the  form,  and  modifies  the  texture  of 
atloMiud-  ^^^^^'^t  S^^^^  ^  spherical  figure  to  fluids,  causes  the  adhesion  of  sur- 
bladittaa-  faces,  and  influences  the  mechanical  characters  of  bodies.     Its  force 
^***  is  exerted  with  the  greatest  intensity  in  solids  ;t  in  liquids  it  acts  with 

much  less  energy ;  knd  in  aeriform  bodies  it  is  doubtful  if  it  exists  at 


*  FVou  a  priratire,  mA  refirety  to  cut. 

t  Tht  force  of  coheaion  in  solids  is  measured  by  the  weight  necessary  to  break  them, 
or  Sfhitt  to  pull  them  asunder. 


Chemical  Mr actumr- Solution.  » 

all.     Of  this,  water  offers  a  good  example  in  its  difTerent  states  of    Sect,  i. 
ice,  water,  and  steam. 

9.  To  cohesion  is  owing  the  spherical  form  which  liquids  assume,  its  effects 
when  suffered  to  form  drops  ;  as  also  their  property  of  remaining  in  liquids. 
heaped  ahove  the  brims  of  the  vessels  that  contain  them.     The  force 

of  cohesion  varies  in  different  liquids  and  hence  the  size  of  their 
drops  must  vary. 

10.  When  attraction  operates  upon  dissimilar  particles,  and  pro-  Heteroge- 
duces  their  union,  it  gives  rise  to  new  and  infinitely  varied  P'oduc- JJ^j^J 
tions.     It  is  this  kind  of  attraction  which  is  distinguished  as  hetero*  attnctim. 
geneaus  ;  it  is  also  called  chemical  attraction^  or  affijiity, 

11.  The  results  of  attraction,  as  relating  to  the  texture  and  fmtns  Resolts. 
of  matter,  are  influenced  by  the  circumstances  under  which  it  has 
taken  place.  Sometimes  the  particles  are,  as  it  were  indiscriminateljB 
collected ;  and  at  others  they  are  beautifully  arranged,  giving  rise       ^ 
to  regular  and  determinate  figures.  ^^ 

12.  The  regular  polyhedral  solids  thus  resulting  from  the  influence  Crjsttls. 
of  attraction  upon  certain  kinds  of  matter,  are  usually  called  crystals;^ 

an<l  the  bodies  are  said  to  be  susceptible  of  crystalltzation. 

13.  To  enable  the  particles  of  bodies  to  assume  that  regular  form  Conditions 
which  crystals  exhibit,  they  must  have  freedom  of  motion  ;  and  ac-  j^'atlon?!!' 
cordiogly  the  first  step  towards  obtaining  a  body  in  its  crystalline  general. 
form,  is  usually  to  confer  upon  it  either  the  liquid  or  aeriform  state. 

This  is  efilected  by  solution,  or  by  exposure  to  heat. 

14.  The  term  soluticfi^  is  applied  to  a  very  extensive  class  ef  phe- Solution. 
Domena.     When  a  solid  disappears  in  a  liquid,  we  have  an  example 

of  solution.  The  expression  is  applied  both  to  the  act  of  coinbi na- 
tion, and  to  the  residt  of  the  process.  Solution  is  always  the  result 
of  an  attraction  or  affinit)%  between  the  fluid  and  the  solid  which  is 
acted  upon,  feeble  it  is  true,  yet  sufficient  in  force  to  overcome  the 
cohesion  of  the  solid.  The  aninity  continues  to  act  until  at  length  a 
ceruio  point  is  attained,  where  the  afHnity  of  the  solid  and  fluid  for 
each  other  is  overbalanced  by  the  cohesion  of  the  solid,  and  the  solu- 
tion cannot  be  carried  farther.  This  point  is  called  saturation^  and  Saturetioo. 
the  fluid  obtained  is  termed  a  saturated  solution. 

15.  The  particles  of  the  solid  may  be  regarded  as  disposed  at  regular  How  the 
dutaoces  throughout  the  fluid ;  and  if  the  quantity  of  solvent  be  con-  particles 
siderable,  the  particles  will  be  too  far  asunder  to  exert  reciprocal  JJJJ* 
attraction  ;  in  other  words,  they  will  be  roofe  powerfully  attracted 

by  the  solvent  than  by  each  other.  If  we  now  slowly  get  rid  of  A 
portion  of  the  soWent,  the  solid  particles  will  gradually  approach 
each  other,  and  they  will  aggregate  according  to  certain  laws,  pro- 
ducing a  regular  form. 

16.  There  are  two  other  great  and  general  objects  to  be  gained  l>y^{j,"  **** 
solution,  which  render  it  a  process  of  constant  occurrence  in  the  la-goioyon. 
boratory.  The  first  is  that  of  preparing  substonces  for  the  exertion  of 
chemical  action.     The  second  is  that  of  separating  one  substance 

from  another ;  this  being  continually  effected  by  the  use  of  such 
fluids  as  have  a  solvent  power  over  one  or  more  of  the  substances 


T  From  ILqioiaUoSt  Ice. 


Attraction —  Crystallization. 


• 

Ctop.  I.    present.     Water  is  the  great  solvent  whose  aid  is  first  to  be  called 
in  ;  others  are  to  be  resorted  to  only  when  that  is  insufficient.     So 
general  and  important  is  its  use,  that  in  speaking  simply  of  the  solu- 
bility of  a  body,  water  is  always  understood  to  be  referred  to.* 
ETapora-        17.  To  recover  a  salt  from  its  solution,  if  its  solubility  does  not  vary 
tion.  with  the  temperature  of  the  solvent,  as  in  the  instance  of  common 

salt,  it  is  necessary  to  expel  a  portion  of  the  fluid  by  heat.  This 
The  figure  Constitutes  the  process  of  evaporationA  The  regularity  of  the  figure 
influenced  (12)  obtained  will  be  influenced  by  the  rapidity  of  the  evaporation ; 
o?  evarora-  *^  ^^®  process  be  slowly  conducted,  the  particles  unite  with  great  re- 
tion.  ^ularity  ;  if  hurried,  the  crystals  are  irregular  and  confused.     In 

common  cases  the  evaporation  may  be  continued  till  a  pellicle  forms 
Time  for  upon  the  surface  of  the  solution.  The  formation  of  a  superficial 
sioppiBR  pellicle  is  the  common  criterion  of  the  fitness  of  a  solution  for  erys- 
*JJjj|^'jij'J['  tallization  ;  but  where  the  object  is  to  obtain  very  regular  and  very 
^^     *  large  crystals,  the  evaporation  must  be  much  slower,  and  carried  U> 


much  less  extent ;   even  spontaneous  evaporatioh,  or  that  which 

takes  place  at  common  temperatures,  must  be  resorted  to. 

Crvstflls         ^®'  '^^®^®  ^^^  certain  bodies  which  may  be  dissolved  or  liquefied 

ibrmedby   by  heat,  and  during  slow  cooling,  may  be  made  to  crystallize.     This 

fusioo.       is  ihe  case  v/ith  many  of  the  metals,  with  spermaceti,  sulphur,  &c. 

Some  other  substances,  when  heated,  readily  assume  the  state  of 

vapour  or  are  sublimed,  and  during  condensation,  present  regular 

crystalline  forms  ;  such  as  iodine,  benzoic  acid,  camphor,  kc. :  and 

crystals  of  snow  arc  produced  by  the  condensation  and  cooling  of 

aqueous  vapour. 

Crystalli-        1^*  Some  substances  are  so  easily  decomposed  by  heat,  and  at 

ntionof     the  same  time  retain  water  with  such  avidity,  that  it  is  impossible  to 

w£mc^  crystallize  them  by  any  of  the  above  processes ;  in  these  cases  crys- 

*  position Ip  tallization  may  sometimes  be  cflccted  by  placing  the  solution  unaer 
feeble. 

SoiubUitr  how  *  *^**®  iolubiUty  of  a  body  raav  be  tried  by  suspending  a  piece  of  it  in  a  glass  of  clean 
trkd.  '  undisturbed  water ;  if  it  Nb  soluble  a  descending  current  will  be  seen  to  fall  from  it, 
and  be  visible  n|)oo  looking  through  the  water  horizontally.  If  it  fall  rapidly  and  in 
dense  striae,  it  will  indicate  rapid  solubility,  and  the  formation  of  a  dense  solution  ;  if 
it  fall  in  a  Tory  narrow  stream,  it  will  indicate  only  moderate  or  sliffht  solubility ;  and 
by  its  descending  rapidlv  or  in  a  slow  broad  stream,  or  by  resting  about  the  substance, 
a  judgment  may  be  made  of  the  couiuaratife  density  of  the  solution  produced.  If  oa 
descending  current  appear,  nor  any  fluid  round  the  substance  of  a  retractire  power  or 
colour  difierent  to  that  of  the  water,  then  the  body  must  be  fery  nearly  if  not  quite  inso- 
luble at  common  temperatures. 

Jf  the  substance  appear  to  be  insoluble,  or  if  it  \)t  necessary  to  know  whether  it  be 

soluble  in  alcohol,  etner,  oils,  or  any  other  )>ody,  for  the  purpose  of  selecting  a  soWent 

from  among  them,  a  portion  should  be  puWerized  finely,  and  introdueed  into  a  small 

tube  with  a  little  of  the  fluid  to  be  tried,  and  heated ;  i/the  substance  disappear,  it  ia 

of  course  soluble.    But  if  it  be  supposed  to  be  a  mixed  body,  and  partly  soluble, 

though  not  altogether  so,  then  the  presumed  solution  should  be  poured  from  the  tube 

into  an  earthenware  or  platbum  capsule,  and  eraporated  carefully  and  slowly;  if  any 

substance  remain,  it  of  course  indicates  a  degree  of  solubility.    F.  168. 

A  solution  saturated  when  cold,  may  be  often  obuined  much  more  speedily  by  the 

uiouJ.cA  V^  ^  heat,  as  by  boiling  the  substance  with  water,  leariug  it  to  cool,  and  aAerwarda 

Mtvktedwi*.  nltenng  it,  when  a  saturated  solation  will  be  at  once  obtained.     If  the  solution  while 

«»«»•  mling  deposiu  auy  portion  of  the  solid,  it  protes  the  saturation,  if  it  does  not,  there 

M  reason  to  doubt  it,  and  heat  with  more  of  the  solid  substance  in  powder  should 

again  be  applied.    The  solution  may  also  be  tested  while  hot  by  dipping  into  it  a  glass 

rod,  and  thus  transferring  a  drop  to  a  cold  glass  plate ;  if  crystals  or  solid  substance 

appear  in  a  few  moments,  the  solution  wfll )«  saturated  when  cold.    Sometimes  this 

efiect  will  not  uke  plac*^til  the  drop  is  stirred.    F.     « 

t  Per^MBied  in  shallow  vessels  exposing  a  large  surface  of  the  liquid. 


Baric  and  Constitutional  Water.  5 

the  receiver  of  an  air-pump,  over  the  surface  of  sulphuric  acid,  and     Sect  i. 
exhausting  the  air ;  the  acid,  hy  ahsorhing  the  vapour  as  it  rises, 
causes  rapid  evaporation. 

20.  In  the  act  of  separating  from  the  water  in  which  they  were  Water  of 
dissolved,  the  crystals  of  almost  all  salts  carry  with  them  a  quantity  ^J?*^"*" 
of  water.     It  is  termed  their  water  of  crystallization,  the  quantity  of 

which  is  very  variable  in  different  saline  bodies,  but  it  is  uniform  in 
the  same  salt. 

21.  The  hardness,  brilliancy,  and  transparency  of  crystals,  often 
depend  upon  their  containing  this  water,  which  sometimes  exists  in 
them  in  large  quantities.  Thus,  sulphate  of  soda,  in  the  state  of 
crvstals,  contains  more  than  half  its  weight.  Gypsum,  in  its  crys- 
tallized form,  contains  about  20  per  cent,  of  water,  which  it  lobes  at  a 
red  heat,  and  the  crystals  crumble  down  into  the  white  powder  called 
Plaster  of  Paris.  Some  salts  part  with  it  by  simple  exposure  to  dry  Efflores- 
air,  when  they  are  said  to  effloresce  ;  but  there  are  other  salts  which  dJJjSli^ 
ddiquesce,  or  attract  water  from  the  atmosphere.*  c«oce. 

^.  The  water  of  crystallization  is  retained  by  a  very  feeble  affi- 
nity, as  is  proved  by  the  facility  with  which  such  water  is  separated 
from  the  saline  matter  by  a  moderate  heat,  or  by  exposure  to  the 
vacuum  of  an  air-pump  at  common  temperatures.     A  portion  of  the 
water  is  sometimes  retained  with  such  obstinacy,  that  it  cannot  be 
expelled  by  a  temperature  short  of  that  at  which  the  salt  is  to- 
tally decomposed.     This   water  is  considered  to  act  the  part  of  a  Basic  wa- 
base,  and  is  called  basic  water.     From  the  observations  of  Gra-  ^^'' 
ham,t  the  water  thus  retained  does  not  always  appear  to  act  this 
part,  but  to  be  in  a  peculiar  state  of  combination.     This  he  calls  con- 
stitutumal  vrnier ;  being  that  which  is  essential  to  the  existence  of  Co"^**"- 
the  salt.     It  differs  from  basic  water,  by  not  being  removed  even  by  |J.^    ^*' 
the  roost  powerful  alkalies,  but  is  readily  removed,  and  its  place  as-    ■ 
sumed,  by  certain  anhydrous  salts.     The  character  of  water  in  these 
difierent  states  of  combination  will  be  understood  from  the  following 
example.     Crystals  of  phosphate  of  soda  are  composed  of  1  propor- 
tion phosphoric  acid,  2  soda,  and  25  water.     At  the  temperature  of 
212^,  24  proportions  of  the  water  are  expelled ;  but  the  2oth  propor- 
tion is  retained,  and  a  red  heat  is  required  for  its  complete  separation. 
By  the  loss  of  the  24  proportions  the  crystalline  form  and  texture  of 
the  salt  are  destroyed,  but  the  residual  mass  has'all  the  properties  of 
the  common  phosphate  ;  whereas,  by  the  loss  of  the  25th  proportion, 
an  entirely  different  salt,  the  pyrophosphate  of  soda,  is  produced. 

23.  In  some  cases  the  proportion  of  water  is  removed  by  an  equi-  Water  re- 
valent  of  any  base  that  supplies  its  place  in  the  compound  ;  in  others  ™®^**** 

it  is  not  affected  by  bases,  but  may  be  removed  by  certain  anhydrous 
salts  which  occupy  its  place,  and  give  rise  to  the  formation  of  double 
salts.  The  former,  as  acting  the  part  of  a  base,  is  the  basic  water; 
the  latter,  as  influencing  the  constitution  of  a  salt,  is  the  constittC' 
titmal  water. 

24.  The  difference  is  denoted  in  symbols,  by  writing  the  basic  Denoted  by 
^________ syoibolt. 

*  Those  crjttaU  which  effloresce  hy  ezpoaore  to  air,  mdy  oAen  be  coDTcnieotly  pre- 
»crred,  by  abghily  oihog  tWir  surfaces.  The  best  meth^  is  to  soalc  the  crystals  ia 
oil  for  a  ptw  boors,  and  thc€  to  wipe  them  and  put  them  up  in  bottles. 

t  PhiL  Trans.  Edin.,  zii.  297. 
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water,  as  is  the  case  with  all  bases,  on  the  leA  side  of  the  acid  with 
'  which  it  is  combined,  and  the  constitutional  water  on  the  right 
Hence  the  symbol  of  the  crystals  of  phosphate  of  soda  is  2NaO: 
HO.  PO'+24Aq. 

25.  Salts,  in  crystallizing,  frequently  enclose  mechanically  within 
their  texture  particles  of  water,  by  the  expansion  of  which,  when 
heated,  the  salt  is  burst  with  a  crackling  noise  into  smaller  frag- 
ments. This  phenomenon  is  called  decrepitation.  Thope  crystals 
in  which  the  water  of  crystallization  is  so  abundant,  as  to  liquefy 
them  when  its  temperature  is  raised,  are  sometimes  said  to  undergo 
the  watery  fusion, 

26.  Some  salts,  in  consequence  probably  of  their  strong  attraction 
for  the  water  that  retains  them  in  solution,  cannot  be  brought  to  crys- 
tallize in  the  ordinary  way.  In  such  cases,  crystallization  may  be 
effected  by  the  addition  of  substances  having  a  strong  affinity  for  wa- 
terj  by  which  its  attraction  for  the  dissolved  matters  is  weakened; 
thus  alcohol,  added  to  certain  aqueous  saline  solutions,  (as  solution 
of  nitre,)  produces  a  separation  of  crystals,  but  they  are  generally 
small  and  indistinct. 

27.  Crystallization  is  accelerated  by  introducing  into  the  solution 
a  nucleus,  or  solid  body,  upon  which  the  process  begins  ;  and  manu- 
facturers often  avail  themselves  of  this  circumstance.  Thus  we  sec 
sugar-candy  crystallized  upon  strings,  and  verdigris  upon  sticks. 
There  are  cases  in  which  it  is  particularly  advantageous  to  put  a  few 
crystals  of  the  dissolved  salt  into  the  solution,  which  soon  cause  a 
crop  of  fresh  crystals.  In  some  instances,  if  there  be  two  salts  in 
solution,  that  wi[l  most  readily  separate  of  which  the  crystals  have 
been  introduced. 

23.  By  placing  a  crystal  of  the  same  nature  in  a  saturated  solu- 
tion of  a  salt,  and  turning  it  daily,  so  that  the  different  sides  shall 
be  successively  exposed  to  the  liquid,  very  large  and  perfect  crystab 
may  be  obtained. 

29.  When  two  suits  of  different  solubilities  are  present  in  the 
same  i<olutioh,  they  often  may  be  separated  by  crystallization,  that 
which  is  loast  soluble  constituting  the  earlier  crop  of  crystals. 

30.  Sometimes  crystallization  is  ?wt  effectual  for  the  separation  of 
salts.  When  the  sulphates  of  iron  and  copper  are  in  solution  toge- 
ther, crystals  will  be  obtained  resembling  those  of  sulphate  of  iron, 
but  with  very  variable  proportions  of  sulphate  of  copper  in  them,  the 
latter  salt  being  at  times  present  in  great  quantity  ;  on  other  occa- 
sions triple  salts  are  formed,  f.  234. 

31.  The  pressure  of  the  atmosphere  has  been  said  to  have  consi- 
derable influence  on  crystallization.  Thus  a  concentrated  solution 
of  sulphate  of  soda  (Glauber's  salt),  excluded  from  the  air  while  hot, 
dncs  not  crystallize  on  cooling;  but  will  generally  crystallize  when 
t!ie  air  is  admitted.*   The  theory  of  this  phenomenon  is  not  very  ap- 


"^The  best  method  of  exUihitini?  this,  is  to  place  scTeral  pounds  ofGIaaher's  salt  in 
a  saitaMc  tcssicI,  and  to  jwur  upon  it  two  part^  of  water  to  lliree  of  salt;  boil  it,  and 
while  bnt  strain  the  solution  through  a  coarse  cloth,  into  a  tall,  wide,  thin  glass  jar, 
prcriously  warmed  ;  oTcr  the  mouth  of  the  jar  a  piece  of  wet  bladder  is  to  he  secaiely 
tied,  and  the  whole  Ictt  to  cool.  When  quite  cold,  a  puncture  of  the  Madder  with  tM 
point  of  a  knife  will  often  %•  followed  by  crystallization  of  the  salt— if  it  should  not 
commence,  the  introduction  of  a  fragment  of  the  salt  will  be  required.    The  tempera- 


PrimUivt  Ihrm$.  • 

parent.  It  docs  not  depend  upon  atmospheric  pressure,  for  the  Secu  i. 
solution  may  be  cooled  in  open  vessels,  without  becoming  solid,  pro- 
Tided  its  surface  be  covered  with  a  thin  film  of  oil ;  and  Turner 
succeeded  with  the  same  experiment  without  the  use  of  oil,  by  caus- 
ing the  air  of  the  vessel  to  communicate  with  the  atmosphere  by 
means  of  a  narrow  tube.  It  appears  from  some  experiments  of 
Graham,*  that  the  influence  of  the  air  may  be  ascribed  to  its  uniting 
chemically  with  water  ;  for  he  has  proved  that  gases  which  are  more 
freely  absorbed  than  atmospheric  air,  act  more  rapidly  in  producing 
crystallization. 

32.  The  presence  of  light  also  influences  the  process  of  crystalli-By  light. 
zation.     Thus  we  see  the  crystals  collected  in  camphor  bottles  in 
druggists'  windows  always  most  copious  upon  the  surface  exposed  to 

light ;  and  if  we  place  a  solution  of  nitre  in  a  room  which  nas  the 
light  admitted  only  through  a  small  hole  in  the  window  shutter, 
crystals  will  form  most  abundantly  upon  the  side  of  the  basin  most 
exposed  to  the  aperture  through  which  the  light  enters,  and  often  the 
whole  mass  of  crystals  will  turn  towards  it.  Many  saline  solutions 
form  arborescent  crystalline  pellicles,  when  left  to  spontaneous  eva- 
poration, which  slowly  travel  up  the  sides  of  the  basin,  and  gradually 
proceed  down  upon  the  outside  ;t  this  process  also  always  begins  on 
the  side  nearest  the  light,  and  is  often  confined  to  it. 

33.  It  is  commonly  observed,  that  crystallized  bodies  nflfect  one.-^""™* 
form  in  preference  to  others.     The  fluor  spar  of  Derbyshire  crystal-  rather  than 
lizes  io  cubes  :  so  does  common  salt.     Nitre  assumes  the  form  of  a  another, 
six-sided  prism,  and  sulphate  of  magnesia  that  of  a  four-sided  prism. 

These  forms  are  liable  to  vary.  Fluor  spar  and  salt  crystallize 
sometimes  in  the  form  of  octohedrons  ;  and  there  are  so  many  forms  of 
carbonate  of  lime,  that  it  is  difficult  to  select  that  which  most  com- 
monly occurs. 

34.  Rom6  de  Lisle  referred  these  variations  of  form  to  certain  PnmiiiTe 
truncations  of  an  invariable  primitive  nucleus ;  and  Gahn  afterwards  °"^^®*' 
observed,  that  when  a  piece  of  calcareous  spar  was  carefully  broken, 

all  its  particles  were  of  a  rhomboidal  figure.  This  induced  Bergman 
to  suspect  the  existence  of  a  primitive  nucleus  in  all  crystallized  bo- 
dies, t  This  subject  was  more  extensively  prosecuted  by  Haiiy. 
He  determined  the  primary  forms  of  minerals,  and  showed  how  sec- 
ondary forms  could  be  derived  from  them  by  simple  laws  of  decre- 
roent( 

35.  Ha&y  obtained  his  primary  forms  by  mechanical  division  :  Haay*! 
thus  by  the  skilful  division  of  a  six-sided  prism  of  calcareous  spar,  he  F|^*'^* 
reduced  it  to  a  rhomb,  precisely  resembling  that  which  is  known 
under  the  name  of  Iceland  crystal.     Other  forms  of  calcareous  spar 

were  subjected  to  the  same  operation  ;  and,  however  different  at  the 
outset,  finally  agreed  in  yielding,  as  the  last  product,  a  rhomboidal  solid. 

tvft  of  Um  jar  will  rise  daring  the  change  from  the  fluid  to  the  solid  state.  If  a  ^In- 
balar  vasMl,  as  a  matrass,  is  employed,  it  will  often  be  broken  dnring  the  crrstalliia- 
tioa.  Hm  crystallisatioD  will  olten  take  placa  on  slight  agitation  without  the  access 
of  air. 

•PkiLTnma.Edin.l8iB.    Se«  also  N.  JSt/tn.  Jour.  xiii.  309. 

tThit  may  be  racTtntad  by  smearing  tha  edge  of  the  raasel  with  oil. 

X  Pkg$,  and  Clem.  Eti&yt,  Vol.  II.  p.  1.       §  TraiU  <fe  Aim,  Paria :  1801. 
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8  ^nraction-T-Cry^taUiiaium. 

Ch»p»  I-  It  was  discovered  also  by  Hauyi  that  if  we  take  a  crystal  of  another 
kind  (the  cubic  fluor  spar,  Derbyshire  spar,  for  instance,)  the  nucleus 
obtained  by  its  mechanical  division,  will  have  a  different  figure,  viz. 
an  octohedron.* 

36.  A  method  of  developing  the  structure  of  crystals,  has  been 
described  by  Daniell.t  it  consists  in  exposing  any  moderately 
soluble  salt  to  the  slow  and  regu- 
lated action  of  a  solvent.  Thus  if  a 
lump  of  alum  is  placed  in  water,  after 
some  days,  octohedrons  and  sections  of 
octohedrons  will  be  seen  in  relief  upon 
its  lower  part,  (Fig.  7.)  The  crystal- 
line forms  of  metals  may  be  in  a  similar 
manner  developed  by  immersion  in  di-> 
lute  acids. 

37.  From  the  imperfect  explanation  of  many  of  the  appearances  of 
crystals,  afforded  by  the  theory  of  Haiiy,  Wollaston  proposed  to 
consider  the  primitive  particles  as  spheresT,  which,  by  mutual  attrac- 
tion, have  assumed  that  arrangement  which  brings  them  as  near  as 
possible  to  each  other.  By  the  due  application  of  spheres  to  each 
other,  he  has  shown  that  a  variety  of  crystalline  forms  may  be  pro- 
duced.t 


WoUat- 
ton's  theo 


*Thc  primary  forms  of  Hauy  are  reducible  to  six ;  the  paralielopiped,  fig.  I,  which 
includes  the  cuoe,  the  rhomb,  and  all  the  solids  which  are  terminated  by  six  faces, 
parallel  two  and  two ;  the  tetrahedron,  fig.  2 ;  theoctohedron,  fig.  3 ;  the  regular  hexahe- 

Fig.  3. 


Fig.  1. 


Fig.  2. 


dral  prism,  fig.  4 ;  the  dodecahedron  with  equal  and  similar  rhomltoidal  planes,  fig.  6 ; 
and  the  dodiwihtdron  with  triangular  planes,  fig.  6. 


Fig.  4. 


Fig.  6. 


Fig.  6. 


The  instruments  used  for  measuring  the  angles  at  which  the  planes  of  crystals  meet, 
or  incline  to  each  other,  are  called  grmiometer».  For  the  descnption  of  these  and  the 
method  of  asing  them  see  CleaTeland's  Mineralogy,  chap.  2d.  (edit.  1822.)  Brooke's 
Cryttallography^  p.  26. 

t  Jmtr.  of  Set.  and  ArU,  I.  24. 

t  Philos.  Tran*.  1813,  p-  61.  Other  and  rery  different  views  of  the  subject  of  pri- 
mitiTe  forms,  have  been  taken  by  Brooke,  Mohs  and  others.  For  more  ample 
information  on  this  subject  consult  the  "  Pamiiiar   introUveUon  to  CnutaUogra- 


SimpU  ftnf  Comfomtd  Am*. 

38.  The  forma  of  crystali  msy  be  diTided  into  simple  tnd  com-    "m- 
pound ;  «  aimple  form  has  alt  ita  facei  equHl  and  similar  to  each 
other,  while  a  compound  form  ia  bounded  by  at  least  two  different 
cl«»M  of  faces;  thus  figs.  8,  9, 10  are  simple  forms.     Figs.  11,  19, 

'*8-  Fi|-».  Fii  10. 


13  are  compound,  for  fig.  11  is  composed  of  eight  hexagonal  and  aix 
square  hces ;  fig.  13  conuias  three  classes  of  faces,  eight  hexagonal, 

"«■  "■  FJ(.  IS.  Fii.  13. 


six  octagonal,  and  twelve  quadratic.  The  lines  round  which  the  dif* 
ferent  parts  of  cryatals  are  K>^i>ped,  are  called  crystalline  axes.  It  "*' 
will  be  observed  that  iv  the  figures  8,  9,  10,  three  right  lines,  which 
are  equal  in  length  and  perpendicular  to  each  other,  may  pass 
through  the  centre  of  the  cnrstal ;  in  fig.  S  by  joining  the  opposite 
angles,  in  fig.  9  hj  joining  the  centres  of  the  opposite  faces,  and  in 
fig.  10  by  connecting  the  opposite  angles  formed  by  the  meeting  of 
four  edges-  These  farms  are  thus  connected  by  oaring  the  same 
axes  of  crystallization,  and  proceeding  from  these  three  equal  and 
rectangular  axes,  either  the  oclohedron,  the  cube,  D/ti'Ae  rhombic 
dodecahedron  may  be  constructed,  the  resulting  form  depending  solely 
on  the  law  according  to  which  planes  are  symmetrically  arranged 
around  the  axes. 

S9.  From  the  law  ihai  every  ploTie  ihall  pan  through  an  extrt'  Laws. 
wabf  of  each  axU,  reiultf  the  octohedroo  fig.  8.  This  law  limits  the 
Bomber  of  faces  to  eight,  and  aa  ibesa  intersect  in  the  lines  joining 
the  extremities  of  the  axes,  each  face  is  an  equilateral  triangle,  and 
the  resulting  form  ia  the  regular  octohedron.  From  the  law  that 
mek  fimte  thaU  pan  through  an  extremity  of  one  axit  and  be  parol' 
id  to  the  other  two,  results  the  cube  fig.  9.  As  each  axis  has  two 
extremities,  only  six  planes  can  be  grouped  around  them,  and  by 
tbeir  intersection  the  hexahedron,  or  cube,  is  produced.  In  a  similar 
nnmer  may  the  rhombic  dodecahedron,  fig.  10,  be  shown  to  be 
(brmed  according  to  the  law  that  each  plane  tkail  pait  through  the 
tJtitmitiet  of  two  axes,  and  be  parallel  to  the  third. 

40.  Simjde  forms  thus  associated  by  being  reduciUe  from  the  same 


^^.. 
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OtoP'  ^'    axes,  constitute  what  is  termed  a  system  of  crystallizatioTu    Thus  the 
Systems  of  octohedroni  cube,  and  rhombic  dodecahedron  are  three  forms  of  the 
OTstalliza-  octohedral  or  regular  system.     Such  forms  are  connected  still  more 
^°'  intimately  by  the  remarkable  fact,  that  any  substance  which  in  crys- 

tallizing assumes  one  form  of  a  system,  may,  and  frequently  does,  as- 
sume other  forms  belonging  to  that  system ;  and  wnat  is  still  more 
remarkable,  the  same  substance  is  not  only  capable  of  assuming  dif- 
ferent forms  of  the  same  system,  but  during  the  act  of  crystallization, 
the  faces  of  two,  three,  four,  and  in  some  cases  even  more,  of  these 
forms  are  simultaneously  developed,  whereby  compound  crystals  of 
the  greatest  diversity  of  form  and  appearance  are  produced. 

41.  A  knowledge  of  all  the  simple  forms  of  a  system,  as  being 
those  in  which  the  same  substance  may  occur,  and  which  alone  can 
give  rise  to  compound  crystals,  is  highly  important.  Hauy  first 
proved  the  existence  of  a  mathematical  connexion  between  them ; 
but  we  are  indebted  to  Weiss,  of  Berlin,  for  the  distinction 
of  the  systemifof  crystallization.  He  has  shown  that  all  crystalline 
forms  may  be  brought  under  one  of  the  six  following  systems,  which 
may  be  distinguished  as 

1.  The  octohedral,  or  regular  system.  4.  The  pbliou^nrismatic  system. 
The  tifM0»  prismatic  system.  5.  ThelsftMF  pnSnatic  system. 

J.  The  right  prismatic  system.  6.  The  rhombohedral  system. 

42.  The  octohedral  system  is  characterized  by  the  three  equal 
and  rectangular  axes  already  described.  If  we  suppose  that  two  of 
the  axes  are  horizontal,  and  the  third  vertical  (figs.  8,  9,  and  10)» 

Octobedral  the  j^w  of  symmetry  is  such,  that  if  a  face  of  a  crystal  be  observed 

^    °'*      to  bear  a  certain  relation  to  one  of  the  horizontal  axes,  other  faces 

roust  fulfil  the  same  condition  to  the  other  equal  axes.     From  the 

perfect  symmetry  in  the  difierent  parts  of  the  crystal,  this  group  is 

often  called  the  regular  system  of  crystallization.     It  consists  of  but 

few  simple  forms,  the  number  being  necessarily  limited  to  the  num- 

^  her  of  different  ways  in  which  a  plane  can  intersect  the  three  axes. 

•s  These  are  only  seven. 

Number  of  I.  The  plana  tnay  cut  each  at  an  equal  distance  from  the  centre, 
^'•^•-  as  in  the  octohedron  (fig.  8). 

2.  The  plane  may  cut  two  axes  at  an  equal,  and  the  tfanrd  at  a 

greater  distance  from  the  centre.     The  resulting  form  is  called 
the  Triakisoctohedron. 

3.  The  plane  may  cut  two  axes  at  an  equal,  and  the  third  at  a  leas 

distance  from  the  centre.     The  resulting  form  is  the  Ikositetm- 
heditan. 

4.  The  plane  may  cut  all  three  axes  unequally.     The  resulting  form 

is  the  Herakisoctohedron. 

5.  The  plane  may  cut  two  axes  at  unequal  distances  from  the  cen- 

tre, and  be  parallel  to  the  third.     Tile  resulting  crystal  is  the 
Tetrakishexahed  ron . 

6.  The  plane  may  cut  two  axes  in  points  equally  distant  from  the 

*  Thus  alum  may  crystallize  in  the  form  of  a  cube,  or  nctobedron.  bot  the  oompoud 
crystal,  fig.  1 1,  is  more  commoa,  where  the  faces  of  the  cabe  tmncate  the  angles  of 
the  octohedron.  Pig.  12.  is  another  form  of  the  alam,  where,  in  addition  to  the  octo> 
hedron,  the  fsoes  of  the  rhombic  dodecahedron  are  also  developed.  Fig.  1 9 1 
a  combination  of  all  three  forma. 


» 
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centre,  and  be  parallel  to  the  third.     The  form  is  the  rhombic     8>cui. 

dodecahedron  (fig.  10). 
7.  The  plane  may  cut  one  axis,  and  be  parallel  to  the  other  two. 

The  form  is  the  cube  or  hexahedron  (Ag,  9). 
Of  these  forms,  1,  6,  and  7  are  of  frequent  occurrence ;  the  others 
are  usually  found  in  combination. 

43.  The  square  prismatic  system.      The  forms  of  this   system  St^aan 
are  also  characterized  by  three  axes  which  intersect  each  other  at  pnsmatic 
right  angles ;  but  they  differ  from  those  of  the  first  system  by  two  '7'^™* 
oniy  out  of  the  three,  being  equal.     Let 
the  third  axis  be  supposed  in  a  vertical  po- 
sition   (fig.   14),  the  octohedron    formed 
is  either  longer  or  shorter  in  the  direction 
of  this  axis,  than  in  that  of  its  horizontal* 
axis.      These  octohedrons  may  be  com- 
pared to  a  double  four  sided  pyramid  on  a 
square  base.     The  parts  about  the  base 
are  similar  to  each  other,  but  differ  from  those  about  its  upper  or 
lower  extremity ;  and  this  character  distinguishes  the  system. 

44.  The  right  prismatic  system.     The  crystals  of  this  system  are  Ri^t  pfii- 

SMticfly*- 


Fig.14. 


••  J' 


FIff.  15. 


Fff.  le. 


Fll.17. 


ttni. 


like    the  preceding,  characterized  by  three  rectangular  axes,  and 
are  distinguished  from  both  by  no  two  of  these  axes  wing  equal. 

•  Fif.  18. 

45.  The  Mique  prismatic  system.  The  crys- 
tals of  this  system  (fig.  18),  differ  from  those 
of  the  last  by  the  front  and  back  parts  being 
dissimilar.  This  is  owing  to  two  of  the  axes 
intersecting  each  other  tbliquely,  while  the  third 
still  remains  perpendicular  to  both.  * 

46.  The  double  Mique  system,  is  readily  re- 
cognized by  the  coropletf  absence  of  all  sym- 
metry in  its  crystalline  forms.  This  results 
from  all  three  axes  intersectincf  each  other 
obliquely ;  owing  to  which  the  left  and  right 
sides,  as  well  as  the  back  and  front,  are  of 
difierent  crystalline  values.  Hence  no  two  faces 
are  connected  except  those  which  are  parallel, 
and  all  symmetry  of  form  disappears. 


ObliqiM. 
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47.  The  rhambohedral  system.  The  forma  of  this  system  are,  like 
the  octohedral,  characterized  by  three  equal  and  si- 
milar axes ;  but  these  axes  intersect  each  other  at 
equali  but  not  at  right  angles.  Its  most  simple 
form  is  the  rhombohedron  (&g.  20),  which  is 
bounded  by  six  equal  and  similar  rhombic  faces. 
The  axes  are  obtained  by  joining  the  centre  of  the 
opposite  faces.* 

48.  In  the  year  1819,  a  discovery,  extremely  important  both  to 
mineralogy  and  chemistry,  was  made  by  Mitscherlich  of  Beriin, 
relative  to  the  connexion  between  the  crystalline  form  and  com- 
position of  bodies.  It  appears  from  his  researches,!  that  certain 
substances  have  the  property  of  assuming  the  same  crystalline  form, 
and  may  be  substituted  for  each  other  in  combination  without  aflect* 
ing  the  external  character  of  the  compound.  Thus  crystals  pos- 
sessed of  the  form  and  aspect  of  alum  may  be  made  with  sulphates 
of  potassa  and  sesquioxide  of  iron,  without  a  particle  of  aluminous 
earth ;  and  a  crystal  composed  of  selenic  acid  and  soda  will  have  a 
perfect  resemblance  to  Glauber's  salt. 

49.  To  the  new  branch  of  science  laid  open  by  this  discovery,  the 
term  isomorphism  (from  Urog  equal,  and  fWQqfii  form)  is  applied: 
and  those  substances  which  assume  the  same  figure,  are  said  to  be 
isomorphous.  Of  these  isomorphous  bodies,  several  distinct  groups 
have  been  described  by  Mitscherlich. f 

50.  From  the  facts  observed,  the  form  of  crystals  is  inferred  to 
depend  on  their  atomic  constitution,  and  they  at  first  induced  Mits- 
cherlich to  suspect  that  crystalline  form  is  determined  solely  by  the 
number  and  arrangement  of  atoms,  quite  independently  of  their  na- 
ture. Subsequent  observations,  however,  induced  him  to  abandon 
this  view ;  and  to  incline  to  the  opinion  that  certain  elements,  which 
are  themselves  isomorphous,  when  combined  in  the  same  manner 
with  the  same  substance,  communicate  the  same  form. 

51.  Isomorphous  substances  crystallize  together  with  great  readi- 
ness, and  are  separated  from  each  other  with  difficulty.  Thus 
a  weak  solution  of  lime,  which  in  pure  water  would  be  instantly 
indicated  by  oxalate  of  ammonia,  is  very  slowly  affected  by  that  test 
when  much  sulphate  of  magnesia  is  present  ;^  and  Turner  found 
that  chloride  of  manganese  cannot  be  purified  from  lime  by  oxalate 
of  ammonia. 

The  sulphates  of  zinc  and  copper,  of  copper  and  magnesium,  of 
copper  and  nickel,  of  zinc  and  manganese,  iind  of  magnesium  and 
manganese  crystallize  together,  and  have  the  same  form  as  green  vit- 
riol, without  containing  a  particle  of  iron.  These  mixed  salts  may  be 
crystallized  over  and  over  again  without  the  ingredients  being  sepa- 
rated from  each  other.     T.  4i8. 

52.  The  tendency  of  isomorphous  bodies  to  crystallize  together^ 


*  For  more  miDute  details  soe  Turner's  ElemenUf  Sth  edit.  p.  40S. 

fAntude  Oi,  et  de  Phy»;  vol.  xiT.  172,  zix.  360,  and  xziT.  264  and  366. 

t  For  a  table  of  isomorpboas  substances  see  Johnston's  Report  on  Okcmiifry, 
in  vol.  1st  of  Reports  qfBriiiMh  AjuociaUon,  1831—2. 

f  Daobeny,  in  Edm,  PhU.  Jour.  Tit.  lOS. 
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■ocounts  for  the  difficulty  of  parifyiog  mixtures  of  isomorphous  salts  Sect,  n. 
hj  crystallization.  The  same  property  sets  the  chemist  on  his  guard 
against  the  occurrence  of  isomorphous  substances  in  crystallized 
minerals.  It  is  a  useful  guide  in  discovering  the  atomic  constitu- 
tion of  compounds.  For  example,  from  the  composition  of  the  oxides 
of  iron,  and  the  compounds  which  this  metal  forms  with  other  bodies, 
it  ia  known  that  the  sesquioxide  consists  of  two  atoms  of  iron  and 
three  atoms  of  oxygen ;  and,  therefore,  it  is  inferred  that  alumina, 
which  is  isomorphous  with  sesquioxide  of  iron,  has  a  similar  consti- 
tution.* 

63.  In  connexion  with  chemistry,  the  theory  of  crystallization  Connexion 
opens  a  new  avenue  to  the  science,  and  frequently  enables  us  to  as-?^  cryvtal- 
eertain  directly,  that  which,  independent  of  such  aids,  could  only  be  with  dian- 
arrived  at  by  an  indirect  and  circuitous  route.     We  frequently  read  utry. 
tile  chemicsi  nature  of  substances,  in  their  mechanical  forms.     In 
tile  arts,  the  process  of  crystallization  is  turned  to  very  valuable 
account,  in  the  separation  and  purification  of  a  variety  of  substances. 


Section  II.     Heterogeneous  Attraction,  or  Affinity, 

54.  Having  considered  attraction  as  disposing  the  particles  of  bo-  Chemieal 
dies  to  adhere  so  as  to  form  masses  or  aggregates ;  and  in  many  in-  ^^^j^^^*^ 
stances,  to  arrange  themselves  according  to  peculiar  laws,  and  to  as-  ^'     °^ 
some  regular  geometrical  figures — we  are  now  to  regard  this  power 

as  operating  upon  dissimilar  particles  ;  as  presiding  over  the  com- 
position of  bodies ;  and  as  producing  their  chemical  varieties.  This 
IS  Chemical  Attraction,  or  Affinity. 

55.  Chemical  afiSnity,  like  the  cohesive  attraction,  is  effective  on-  Distia- 

It  at  insensible  distances;  but  it  is  distinguished   from  the  l&tter |^^),^. 

force,  in  being  exerted  between  the  particles  or  atoms   of  bodies  of  tiTe  attnc- 

diferent  kinds.     The  result  of  its  action  is  s  new  compound,  in  ^^^' 

which  the  properties  of  the  components  have  either  entirely  or  part-  S!^'*^^/*^ 

ly  disappeared,  and  in  which  new  qualities  are  also  apparent.  tioo. 

Thns,  a  piece  of  marble  ia  an  acgregato  of  smaller  portions  of  marble  attach- 
ed to  one  another  by  cokuum,  andthe  parts  so  attached  are  the  integrant  parti- 
ckt ;  each  of  which,  however  minute,  is  as  perfect  marble  as  the  mass  itself.  " 

ftat  Um  integrant  particles  consist  of  two  substances,  lime  and  carbonic  acid, 
whkli  are  different  from  one  another  as  well  as  from  marble,  and  are  united  by 
*  'ottroctum. 


The  integrant  particles  of  a  body  are  therefore  aggregated  togeth- 
er by  cohesion  ;  the  component  parts  are  united  by  afiinity. 

56.  The  most  simple  instance  of  the  exercise  of  chemical  attrac-  Imtances. 
tioD  ia  afforded  by  the  mixture  of  two  substances  with  one  another. 
Water  and  sulphuric  acid,  or  water  and  alcohol  combine  readily.  So 
when  potassa  is  added  to  sulphuric  acid  chemical  affinity  is  exerted, 
and  they  combine  toother.  If  the  two  last  substances  are  examin- 
ed before  being  presented  to  each  other,  each  will  be  found  to  be 
distinguished  by  peculiar  properties. ,  The  potassa  will  convert  the 

^  PUtiomorphitm  (from  the  Greek  nXtjatogy  near)  is  the  term  proposed  by 
MiUtr  to  indicate  the  forms  of  substances  that  cmproximate  but  are  not  iderUieal ; 
muk  have  been  brought  forward  by  Brooke  asainst  toie  doctrine  of  isomorphism.  See 
Us  snay,  mud  the  i^y  of  Wbcwell,  in  Pham,  Mag.  and  Ann,  N.  a  X.  lei  9l  401. 
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blue  colour  of  vegetable  infusions'*^  to  green,  the  acid  will  tarn 
them  red.  But  if  we  gradually  add  the  potassa  to  the  acid,  we  shall 
obtain  a  liquid  which  will  have  neithei*  the  properties  of  the  potassa 
or  of  the  acid ;  and  which  will  no  longer  change  the  colour  of  the 
vegetable  infusion,  and  the  taste  of  which  will  have  been  converted 
into  a  bitter  one. 

57.  In  cases  of  this  kind  where  chemical  combination  takes  place, 
and  the  qualities  of  the  component  parts  of  a  compound  are  no  lon- 
ger to  be  detected  in  it ;  the  bodies  combined  are  said  to  neutraUxe 
each  other. 

58.  Neutralization  is  to  be  distinguished  from  saturation,  (14)  by 
which  we  express  those  weaker  combinations  where  there  is  no  re-k 
markable  alteration  of  qualities,  as  in  cases  of  solution. — Water,  for 
example,  will  dissolve  successive  portions  of  common  salt,  or  sugar, 
until  at  length  it  refuses  to  take  up  more  ;  or  is  saturated;  the  so- 
lution retaining  the  saline  or  sweet  taste  and  some  other  qualities  of 
the  salt  or  sugar.  The  only  physical  quality  that  is  changed  being 
that  of  cohesion.t 

59.  In  many  cases,  the  properties  of  the  compounds  resulting 
from  chemical  affinity  diflfer  essentially  from  those  of  their  compo- 
nent parts,  and  a  series  of  new  bodies,  possessed  of  distinct  and  pe- 
culiar characters,  is  produced. 

Thus  when  two  volumes  of  nitric  oxide  gas  (Deutoxide  of  Nitrogen)  are 
nixed  with  one  of  oxygen,  an  orange-coloured  gas  results,  very  soar,  ana  soluhlt 
in  water,  whereas,  the  gases  before  mixture  were  colourless,  tasteless,  and  insolu- 
ble in  water. 

If  into  a  glass  vessel,  exhausted  of  air,  be  introduced  sulphur,  and  copper  fi- 
lings, and  heat  l>e  applied  so  as  to  melt  the  former,  it  will  presently  combine  with 
the  latter. 

If  we  mix  a  (quantity  of  iron  filings  and  sulphur,  and  melt  them  in  a  cmcible, 
we  obtain  a  bnttle  mass  which  has  properties  different  from  those  of  either  of 
its  constituent  parts. 

60.  We  observe  as  the  results  of  this  attraction  between  these  sub- 
stances, 1,  that  the  substances  produced  have  not  the  intermediate 
properties  of  their  elements  but  that  they  present  new  characters  i 


T»«  liqatd. 


Ntatrklintioa 
b««  tflSMtMl 


*  Ad  iDfasion  of  purple  cabbage  affords  an  ecoDomical  and  conveoieot  liquid  (or 
this  and  similar  purposes*  For  its  preparation,  one  or  more  red  cabbages  aoould  be 
cut  into  strips,  and  Doiling  water  poured  upon  the  pieces,  a  little  dilute  salphark  add 
is  to  be  added,  and  the  whole  well  stirred  :  it  is  then  to  be  covered  and  kept  hot  as 
long  as  possible,  or  if  convenient,  should  be  heated  nearly  to  boiling  for  an  hoar  er 
two  in  a  c  ipper  or  earthen  vessel.  The  quantity  of  water  to  be  added  at  first  shoald 
be  sufficient  to  cover  the  cabbage,  and  the  sulphuric  acid  should  be  in  the  proportioB 
of  about  half  an  ounce  of  strong  oil  of  vitnol  by  measure  to  each  good  sized  plant. 
l*his  being  done,  the  fluid  should  be  separated  and  drained  off,  and  as  much  morstuit 
water  poured  on  as  will  cover  the  solid  residue,  adding  a  very  little  sulphuric  acid.  The 
whole  is  to  be  closed  up,  and  suffered  to  stand  until  cooled,  and  then  the  liquid  poured 
off  and  added  to  the  former  infusion.  The  tn/itfton  is  to  be  evaporated  to  one  half 
or  one  third  its  first  bulk,  poured  into  a  jar,  allowed  to  settle,  ana  the  clear  red  fluid 
decanted  and  preserved  in  bottles.  This  solution  will  keep  a  year.  When  requirsd 
for  use,  the  acid  of  a  small  portion  of  it  should  be  neutralized  by  caustic  potassa  or 
soda,  (not  by  ammonia,)  when  it  will  assume  an  intensely  deep  blue  colour,  andwill  in 
roost  cases,  require  dilution  with  tweWe  or  fourteen  parts  of  water.    Poarada^. 

t  Neutralizations  are  best  effected  with  the  assistance  of  heat,  especially  if  a  car* 
booate  be  used,  or  if  precipitation  occur  during  the  operation.  The  carbonic  acid  in 
the  first  case  is  dissipated,  and  in  the  latter  the  combination  is  more  rafNidly  and 
perfectly  effected.  Evaporating  basins  are  highly  useful  for  these  purposes, 
their  contents  being  easily  stirred,  and  the  rod  used  for  that  purpose  also  applied 
to  moisten  the  test  paper  when  required.  The  solution  to  be  neutralized  MMold 
not  be  very  strong,  and  the  substance  added  should  be  diluted  upon  appro(M:hiBg  tha 
point  of  nentnlization,  if  it  be  accurately  required.    F.  t74. 


Change  of  Properties. 
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Fig.  21. 


2,  that  in  the  second  experiment  much  heat  and  light  are  eTolved    Stcu  n. 
during  the  mutual  action  ;  3,  that  the  substances  will  unite  in  cer- 
tain proportions  only. 

61.  In  liquids  and  gases,  similar  changes  of  properties  may  he 
exhibited,  and,  in  many  cases,  a  change   of  form  or  state  results.  Solid  pro- 
Thus  the  combination  of  aeriform  bodies  produces  a  solid. 

Into  a  retort  (6g.  21,  a,)  introduce 
a  anall  qaantity  of  liquid  ammonia 
^Tolmlile  alkali,)  and  into  another  a 
little  hydrochloric  (muriatic)  acid ;  in- 
wrt  the  beaks  of  the  retorts  into  the 
extremities  of  a  glass  cylinder,  b. 
The  gases  arising  from  the  acid  and 
ammonia,  pass  into  the  cylinder  and 
unite  to  form  a  new  solid  compound, 
liydrochlorate  of  ammonia  (sal  am* 

niac.)  >xSu  ,i^ r^^ r^^ 


L 


ducts. 


Exp.l. 


If  to  a  concentrated  solution  of  hydrochlorate  of  lime,  sulphuric  acid  or  a  sat-  ^^  '• 
■rated  solution  of  carbonate  ofpotassa  be  gradually  added,  a  wnite  solid  will  result. 

62.  In  other  cases  the  solids  are  converted  into  aeriform  matter^         °*" 
of  which  the  combustion  of  gunpowder  is  a  familiar  instance. — Gas- 
es also,  form  a  liquid  ;  as  when  olefiant  gas  is  mixed  with  chlorine. 

When  certain  liquids  are  presented  to  each  other,  gases  are  the 
result,  as  when  to  two  parts  of  alcohol  we  add  one  part  of  nitric  acid, 
an  efierrescence  ensues,  and  aeriform  matter  is  copiously  evolved.    .  .    . . 

Solids  also  produce  liquids.  ^^  ' 

Rob  together  in  a  mortar  a  few  crrstals  of  Glauber's  salt  with  nitrate  of  am-  Esp. 
the  two  solids  will  become  fluid. 


Such  operations  are  not  confined  to  art.  Nature  presents  them 
on  an  extended  scale  ;  and  in  connexion  with  the  functions  of  life, 
renders  them  subservient  to  the  most  exalted  purposes. 

63.  The  new  chemical  powers  that  bodies  thus  acquire  in  conse- 
quence of  combination,  are  often  extremely  remarkable,  and  can  on- 
ly be  learned  by  experiment.  It  frequently  happens  that  inert  bodies 
produce  inert  compounds,  and  that  active  substances  remain  active 
when  combined  ;  but  the  reverse  often  occurs :  thus  oxygen,  sulphur, 
and  water,  in  themselves  tasteless  and  comparatively  inert,  produce 
salphuric  acid  when  chemically  combined  ;  and  potassa,  which  is  ^ 
powerful  caustic,  when  combined  with  sulphuric  acid,  forms  a  salt* 
poawssing  little  activity* 

64.  The  colours  of  bodies  are  altered  by  chemical  action. 

Into  a  weak  solution  of  nitrate  of  copper,  drop  liauid  ammonia,  a  rich  blue 
ealoqr  will  l>e  produced.  Add  gradually,  on  the  ena  of  a  glass  rod,  a  little  sul- 
pluvic  acid,  the  liquid  will  become  colourless. 

To  ao  infusion  of  purple  cabbage  add  a  few  drops  of  an  acid,  the  colour  will 
be  changed  to  red. — The  addition  of  liquid  potassa,  in  quantity  Just  sufficient  to 
MOtralixe  the  acid,  will  restore  the  original  colour. 

The  addition  of  potassa  alone,  produces  a  creen  colour. 

Into  a  small  jar  of  chlorine  gas,  confined  by  water,  introduce  a  piece  of  lit- 
■Qs  paper,  the  colour  will  be  wholly  destroyed. 

Wnen  sulphate  of  copper  (blue  vitriol,)  and  acetate  of  lead  (sugar  of  lead) 
are  rubbed  together  in  a  mortar ;  the  new  compound  has  a  green  colour. 

Calomel  and  potassa,  both  colourless,  when  rubbed  in  a  mortar  form  a  hUuk 
tonpoand. 


Changes 
nrodticed 
oy  chemi- 
cal acticHi* 
Exp. 

Exp. 


Exp. 
Exp. 

Exp. 

Exp. 


*  The  term  rail  in  chemistry  is  not  confined  to  those  substances  called  salu  in  or- 
4iaiiy  diaeoQrse. 
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Chanffc  of 
specinc 
grarity, 


Ohap.  I.        Iodine,  whose  vapour  is  of  a  violet  hae,  fbnns  a  beautiful  red  eompouiid 
mercury,  and  a  yellow  one  with  lead. 

65.  The  specific  gravity  of  bodies  is  altered  by  cliemical  actioo. 
Two  bodies  rarely  occupy  the  same  space  after  combination  which 
they  did  separately.  In  general  their  bulk  is  diminished,  so  that  the 
specific  gravity  of  the  new  body  is  greater  than  the  mean  of  its 
compouents.  Thus  a  mkture  of  100  equal  measures  of  water  and 
an  equal  quantity  of  sulphuric  acid  does  not  occupy  the  space  of  SOO 
measures,  but  considerably  less.  A  similar  contraction  frequently 
attends  the  combination  of  solids.  Gases  often  experience  a  re- 
markable condensation  when  they  unite.  But  there  are  exceptions. 
The  reverse  happens  in  some  metallic  compounds ;  and  there  are 
examples  of  combination  between  gases  without  any  change  in  bolk. 

66.  A  change  of  temperature  generally  accompanies  chemical 
action.  Caloric  is  evolved  either  when  there  is  a  diminution  in  the 
bulk  of  the  combining  substances  without  a  change  of  form,  or  when 
a  gas  is  condensed  into  a  liquid,  or  when  a  liquid  becomes  solid 

«(61.  Exp.  2) ;  and  as  when  water  is  poured  upon  quicklime. 

When  equal  parts  of  sulphuric  acid  and  water  are  mixed,  the  temperatnr*  is 
so  much  increased  that  if  the  mixture  be  made  in  a  phial  about  which  tow  is 
wrapped  containing  a  few  pieces  of  phosphorus,  the  phosphorus  will  h%  ift- 
flamed.* 


And  of 

tempera 

ature. 


xp 


IgnitioQ* 


Exp. 


67.  Ignition   is   a   frequent    attendant    upon    chemical   action^ 
(69.  Exp.  2.) 

Mix,  cautiously,  a  small  quantity  of  sugar  with  about  half  its  weight  of  the 
salt  called  chlorate  of  potossa,  form  the  mixture  into  a  heap  upon  a  plato  of 
iron,  and  drop  upon  it  from  the  extremity  of  a  glass  rod,  a  little  sulphuric  acid,  it 
will  be  inflamed. 

Drop  a  small  piece  of  potassium  into  water,  or  upon  ice,  hydrogen  gai  will  bs 
disengaged  and  take  fire. 

68.  As  chemical  action  takes  place  among  the  ultimate  or  con- 
^^,  pro-  stituent  elements  of  bodies,  it  must  obviously  be  opposed  by  the  co- 
mechanical  hesion  of  their  particles,  and  chemical  attraction  is  often  prevented 


ChMical 
action  pro- 


diTisioD, 
Exp. 


By  beat, 
Eip. 


by  mechanical  aggregation. 

Introduce  a  piece  of  the  metal  antimony  into  a  jar  of  chlorine  gas,  it  will  bs 
only  slowly  and  superficially  acted  upon  ;  out  if  the  mechanical  aggregatkm  bs 
nreviously  diminished,  by  reducing  tne  metal  to  powder,  it  in  that  state  rapidly 
vnites  with  the  gas,  aad  bums  the  instant  that  it  is  introiduced. 

The  influence  of  mechanical  division  in  promoting  the  action  of 
chemical  affinity,  and  in  favouring  solution,  will  be  obvious,  if  into 
a  vessel  containing  dilute  hydrochloric  acid  we  drop  a  Imnp  of  mar- 
ble ;  and  into  another  vessel  containing  the  same  acid  we  pour  an 
equal  weight  of  marble  reduced  to  powder. 

69.  The  chemical  energies  of  bodies,  are  increased  by  heat. 

To  four  ounce*measures  of  water,  at  the  temperature  of  the  atmosphere^  add 
three  ounces  of  sulphate  of  soda  in  powder,  only  part  of  the  salt  will  oe  diaK>lv> 
ed,  even  after  being  agitated  some  time.  Apply  heat,  and  the  whole  of  tbeMlt 
will  disappear. 

To  this  law,  however,  there  are  several  exceptions;  for  many 
salts  are  equally,  or  nearly  equally,  soluble  in  cold  as  in  hot  water; 
as  will  be  seen  hereafter. 

The  eflfects  of  heat  are  sometimes  only  referable  to  the  diminution 
of  adhesion  hy  expansion,  or  liquefaction ;  but  in  other  cases  they 


*  As  the  phial  is  often  broken,  it  should  be  placed  upon  a  plate. 


Double  EUui94  J3^miy.  V7 

%n  peculiar  and  complicated,  and  probably  concerned  in  modit/ing ^Smuil^ 
the  electrical  energies  of  the  acting  substances. 

70.  Mechanical    agitation,  also  favours  the  chemicai   action  of  And  by  Mt- 
bodies.  chanical 

Into  a  wine  glaia  full  of  water,  tinged  blue  with  the  inAiaion  of  cabbase  let  » 
bll  a  amall  kiinp  of  aoiid  tartaric  acid.    The  acid,  if  left  at  roat,  OTen  during      ^' 
MM  boura,  will  onl;^  change  to  red  that  portion  of  the  infuaion,  which  ia  in 
inuMdiate  contact  with  it.    Stir  the  liquid,  and  the  whole  will  immediatelj 
MeooBe  red. 

Sulphuric  aoid  poured  into  alcohol  will  aubeide  to  the  bottom,  and  chemital  n^^ 
lotion  will  take  place  only  at  the  touching  aurfacea  of  the  two  anbaUncea-^rat 
it  will  be  brought  on  through  the  whole  mixture  by  agitation. 

71.  Some  bodies  evince  no  affinity  for  each  other.  Some 

Oil  and  water,  or  powdered  chalk  and  water,  may  be  agitated  together,  but  y^f^.^* 
ktj  will  not  combine.  On  allowing  the  Teaaela  containing  them  to  reaaain  at  ^giQity^ 
«st,  the  oil  or 'water  riaea  to  the  auHace,  and  the  chalk  falls  to  the  bottom.  Exp. 

72.  The  intervention  of  a  third  body  will  sometimes  promote  the  Union  mo- 
laion  of  two  other  bodies  which  have  no  affinity  for  each  other.         Jhi^boS* 

Thaa  oil  and  water  unite  immediately  on  adding  an  alkali,  as  caustic  potaaaa.  y^p 

73.  It  very  frequently  happens,  on  the  contrary,  that  the  tenden-  Or  destroy, 
y  of  two  bodies  to  unite,  or  remain   in  combination   together,  is^* 
ireakened  or  destroyed  by  the  addition   of  a   third.     Thus  alcohol 

inites  with  water  in  such  a  manner  as  to  separate  roost  salts  from  it. 

A  striking  instance  of  this  is  seen  in  a  saturated  or  strong  solution  of  nitre  in  Exp. 
vaiar.    If  to  this  there  be  added  an  equal  measure  of  alcohol,  the  greater  part 
4  tiM  nitre  instantly  falls  down. 

Or»  if  to  a  solution  of  camphor  in  alcohol,  water  be  added,  the  water  will!  Exp. 
inite  with  the  alcohol  and  the  camphor  will  be  aeparated. 

Oil  has  an  affinity  for  the  volatile  alkali,  ammonia,  and  will  unite  with  ili|  g^p^ 
btning  a  soapy  auoatance  called  a  liniment.    But  the  ammonia  haa  a  atill  gre«^ 
w  attnction  for  aulphuric  aoid  ;  and  hence  if  the  acid  be  added  to  the  liniment, 
km  alkali  will  quit  the  oil,  and  unite  by  preference  with  the  acid. 

74.  The  affinity  existing:  between  any  two  bodies,  is  inferred  from  Affinity 

''    -  -  -  .       -    '         -  how  infer  • 


entering  into  chemical  combination,  and  that  this  has  hapfjened,  ^ 
re  have  a  proof  in  the  change  of  properties. 

76  From  n  great  number  of  facts,  it  appears  that  some  bodies 
lave  a  stronger  tendency  to  unite  than  others,  and  that  the  union 
>f  a  substance  with  another  will  often  exclude,  or  even  bring  about 
he  separation  of  a  third  substance  which  may  have  been  previously 
inited  with  one  of  them.  This  preference  of  uniting,  exhibited 
irith  regard  to  other  bodies,  has  been  called  Elective  Affinity,    Thus  ^^||J^^ 

To  a  solutia^  of  camphor  in  alcohol  add  water ;  the  camphor  will  be  aepara-  R^p  |, 
ad,  and  the  water  and  alcohol  will  unite. 

Add  to  water  a  few  drops  of  sulphuric,  acid  ;  the  addition  of  a  aolution  of  Exp,  8. 
laryta   will  cauae  the  separation  of  the  acid.     The  white  substance  that  will 
mwide  will  be  a  new  compound  of  sulphuric  acid  and  baryta. 

In  these  and  many  similar  cases  combination  and  decomposition 
Kcar. 

76.  When  a  compound  is  decomposed  and  but  one  substance  is  Single, 
Kparated,  or  brought  into  combination,  the  affinity  has  been  called 
Sugie  Elective.     But  the  phenomena  are  often  more  complex. 

77.  When  two  compounds,  each   consisting  of  two  ingredients,  Double. 
ire  decomposed  and  two  new  compounds  formed,  we  have  an  in- 
stince  of  Double  Ellective  Affinity. 
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Chap.  I. 

Exp. 

Ikcompo- 

sition. 


Exp. 


Tables  of 
affinity, 


Mix  together  a  aolution  of  carbonate  of  ammonia  and  Inrdroehlorate  of  fime  ; 
carbonate  of  lime  and  hydrochlorate  of  ammonia  will  bo  formed. 

78.  The  knowledge  of  the  affinities  which  bodies  have  for  each 
other,  enables  us  to  separate  them  when  united,  or  to  perform  the 
process  of  decomposition.     Thus, 

In  a  solution  of  nitrate  of  silver  (common  lunar  caustic)  place  a  piece  of 
polished  copper ;  it  will  soon  be  covered  with  metallic  silver.  The  solotioii 
will  have  been  decomposed^  and  the  silver  precipitated, 

79.  The  order  in  which  decompositions  take  place  has  been  ex- 
pressed in  tables,  of  which  the  foUowing,  drawn  up  by  Geoffrey,  is 
an  example : — 

SULPHURIC   ACID. 


Baryta, 

Strontia, 

Potassa^ 

Soda, 

Lime, 

Ammonia, 

Magnesia. 

This  tabic  signifies,  first,  that  sulphuric  acid  has  an  affinity  for  the 
substances  placed  below  the  horizontal  line,  and  may  unite  separately 
with  each  ;  and,  secondly,  that  the  base  of  the  salts  so  formed  will  be 
separated  from  the  acid  by  adding  any  of  the  alkalies  or  earths  which 
stand  above  it  in  the  column.  Thus  ammonia  will  separate  magnesia* 
lime  ammonia,  and  potassa  lime ;  but  none  can  withdraw  baryta 
from  sulphuric  acid,  nor  can  ammonia  or  magnesia  decompose  sul- 
phate of  lime,  though  strontia  or  baryta  will  do  so.  Bergmann  con- 
ceived that  these  decompositions  are  solely  determined  by  chemical 
attraction,  and  that  consequently  the  order  of  decomposition  repre- 
sents the  comparative  forces  of  affinity ;  and  this  view,  from  the 
simple  and  natural  explanation  it  affords  of  the  phenomenon,  was  for 
a  time  very  generally  adopted.  But  it  does  not  necessarily  follow, 
because  Ume  separates  ammonia  from  sulphuric  acid,  that  the  lime 
has  a  greater  attraction  for  the  acid  than  the  volatile  alkali.  Other 
causes  are  in  operation  which  modify  the  action  of  affinity  to  such  a 
degree,  that  it  is  impossible  to  discover  how  much  of  the  effect  is 
owing  to  that  power. 

80.  Berthollet  was  the  first  to  show  that  the  relative  forces  of 
chemical  attraction  cannot  always  be  determined  by  observing  the 
order  in  which  substances  separate  each  other  when  in  combination, 
and  that  the  tables  of  Geoffroy  are  merely  tables  of  dacompositioD, 
not  of  affinity.  He  likewise  traced  all  the  various  circumstances  that 
modify  the  action  of  affinity,  and  gave  a  consistent  explanation  of  the 
mode  in  which  they  operate.  He  denied  the  existence  of  elective 
affinity  as  an  invariable  force,  capable  of  effecting  the  perfect  sepaia* 
tion  of  one  body  from  another ;  he  maintained  that  all  the  instances 
of  complete  decomposition  attributed  to  elective  affinity  are  in  real- 
ity determined  by  one  or  more  of  the  collateral  circumstances  that 
influence  its  operation.  But  here  this  acute  philosopher  went  too 
far.  Bergmann  erred  in  supposing  the  result  of  chemical  action  to 
be  in  every  case  owing  to  elective  affinity  ;  but  Berthollet  ran  into 
the  opposite  extreme  in  declaring  that  the  effects  formerly  ascribed  to 
that  power  are  never  produced  by  it. 
Diagrams.       81.  The  chemical  changes  are  often  illustrated  by  diagiamSi 


Objections 


hjhunce  of  Cohmm.  ^^ 


which  may  either  be  constracted  90  as  merely  to  show  the  mult  of ,  ^•^  ^. 
the  changfe,  or  may  exhibit  the  composition  of  the  acting  bodies. 

The  addition  of  sulphate  of  toda  to  nitrate  of  baryta  (both  in  eolation),  will  be  £zP' 
attended  with  tlie  formation  of  lulphate  of  baryta  and  nitrate  of  aoda. 

The  following  diagram  exhibits  the  substances  before  mixture,  on 
parallel  lines ;  after  mixture,  by  diagonal  lines  : 

Nitric  Add.  Baryta. 


Sulphuric  Acid.  .  Soda. 

Or  a  more  complete  view  of  the  change  is  given  in  the  following 
diagram,  where  the  bodies  before  mixture  are  placed  upon  the  out- 
side of  the  perpendicular  lines ;  their  component  parts  are  shown 
within  them  ;  and  the  new  results  on  the  outside  of  the  horizontal 
lines.* 

Nitrate  of  Soda. 


Nitrate  of  Baryta. 


Nitric  Acid.  Soda. 


Baryta.       Sulphuric  Acid. 


Sulphate  of  Soda. 


Sulphate  of  Baryta. 

88.  Chemical  affinity  is  influenced  by  various  extraneous  circum-  Cirenm- 
stances  and  forces.     Of  these  the  most  important  are,  cohesion,  elas-  J^*^^  *■" 
ticity,  quantity  of  matter,  and  gravity.     To  these  may  be  added  the  a^ty!' 
agency  of  the  imponderables. 

93.  The  first  obvious  eflfect  of  cohesion  is  to  oppose  affinity,  by  Cohetioo, 
impeding  or  preventing  that  mutual  penetration  and  close  proximity 
of  the  particles  of  difierent  bodies,  wnich  is  essential  to  the  success- 
ful exercise  of  their  attraction.  For  this  reason,  bodies  seldom  act 
chemically  in  their  solid  state.  Liquidity,  on  the  contrary,  fiivours 
chemical  action  ;  it  permits  the  closest  possible  approximation,  while 
the  cohesive  power  is  comparatively  so  trifling  as  to  oppose  no  ap- 
preciable barrier  to  affinity. 

SL  Cohesion  may  be  diminished  in  two  ^vays,  by  mechanical  How  di- 
divistOD,  or  by  the  application  of  heat.  The  former  is  useful  by  in-  °"""***^» 
creasing  the  extent  of  surface.  Heat  acts  with  greater  effect,  and 
never  fails  in  promoting  combination,  whenever  the  cohesive  power 
is  a  harrier  to  it.  Its  intensity  should  always  be  so  regulated  as  to 
produce  liquefaction.  The  fluidity  of  one  of  the  substances  fre- 
qaently  suffices  for  effecting  chemical  union,  as  is  proved  by  the 
mcility  with  which  water  dissolves  many  salts  and  other  solid  bodies. 
The  reduction  of  both  substances  to  the  liquid  state  is  the  best  me- 

^  Varioas  methods  haTe  been  made  uae  of  to  express  chemical  changes,  and  the  re- 
•■ha  of  ehtmica]  actions,  by  means  of  diamms,  for  which  the  student  may  consult 
Hem's  and  Draode*!  CAcm.,  the  Medical  ChemiMtiy  of  Paris,  and  Ure*s  DicHonary, 
An,Aiiraduni, 


20  MroOum — Chmmeal. 

Cfc^p* »»    thod  for  ensuring  chemical  action.    The  slight  degree  of  cohesion 
possessed  by  liquids  does  not  appear  to  cause  any  impediment  to  com* 
bination.     it  seems  fair  to  infer,  that  very  little,  if  any,  affinity  exists 
between  two  bodies  which  do  not  combine  when  they  are  intimately 
mixed  in  a  liquid  state. 
Agency  in      85.  The  phenomena  of  crvstallization  are  owing  to  the  ascendaney 
^J™*"**  of  cohesion  over  affinity.     When  a  large  quantity  of  salt  has  been 
'  dissolved  in  water  by  the  aid  of  heat,  part  of  the  saline  matter  gene- 

rally separates  as  the  solution  cools,  because  the  cohesive  power  of 
the  salt  then  becomes  comparatively  too  powerful  for  chemical  at- 
traction. Its  particles  begin  to  cohere  together  and  are  deposited  in 
crystals,  the  process  of  crystallization  continuing  till  it  is  arrested  by 
the  affinity  of  the  liquid.  A  similar  change  happens  when  a  solution 
made  in  the  cold  is  gradually  evaporated.  The  cohesion  of  the 
saline  particles  is  no  longer  counteracted  by  the  affinity  of  the  liquid, 
and  the  salt,  therefore,  assumes  the  solid  form. 
Afiecu  re-  86.  Cohesion  plays  a  still  more  important  part.  It  sometimes  de- 
'"  termines  the  result  of  chemical  action,  probably  even  in  opposition  to 

affinity. 

£jp.  Thus,  on  mixing  together  a  solution  of  two  acids  and  one  alkali,  of  which  two 

•alts  may  be  formed,  one  soluble,  and  the  other  insoluble,  the  alkali  will  onita 
with  that  acid  with  whioh  it  forms  the  insoluble  compound,  to  the  ezolumon  of 
the  other.  This  is  one  of  the  modifying  circumstances  cmplo;^ed  by  Berthollet 
to  account  for  the  phenomena  of  single  elective  attraction,  and  is  certainly  appli- 
cable to  many  of  the  instances  to  be  found  in  the  tables  of  affinity. 

Ita  action  87.  To  comprehend  the  manner  in  which  cohesion  acts  in  some 
lar'oiftM!''  i'^stances,  it  is  necessary  to  consider  what  takes  place  when  in  the 

same  liquid  two  or  more  compounds  are  brought  together,  which  do 

not  give  rise  to  an  insoluble  substance. 

2,xn.  Thus  on  mixing  solutions  of  sulphate  of  potassa  and  nitrate  of  soda,  no  preci[H- 

tate  ensues ;  because  the  salts,  capable  of  beine  formed  by  double  decompoaitioii, 
folphate  of  soda  and  nitrate  of  potassa,  are  likewise  soluble.  In  this  caM  it  is 
{KMaible  either  that  each  acid  may  be  confined  to  one  base,  so  as  to  constitola  two 
neutral  salts :  or  that  each  acid  may  be  divided  between  both  baaes.  yieldiQf 
four -neutral  salts.  It  is  difficult  to  decide  this  point  in  an  unequivo<^  manner: 
but  judging  from  many  chemical  phenomena,  it  is  probable  that  the  arrangement 
last  mentioned  is  the  most  frequent,  and  is  probably  universal  whenever  toe  reli> 
tive  forces  of  affinity  are  not  very  unequal.  When  two  acids  and  two  baset  meet 
tO|^ether  in  neutralizing  proportion,  it  may,  therefore,  be  inferred,  that  each  acid 
unites  with  both  the  bases  in  a  manner  regulated  by  their  respective  forcet  of 
affinity,  and  that  four  salts  are  contained  in  solution.  In  like  manner  the  nrs- 
■enoe  of  three  acids  and  three  bases  will  give  rise  to  nine  salts ;  and  when  fear 
of  each  are  present,  sixteen  salts  will  be  produced.  This  view  affords  the  moat 
plausible  theory  of  the  constitution  of  mineral  waters,  and  of  the  product!  whieb 
they  yield  by  evaporation.    T. 

Infloenoeof  88.  The  influence  of  insolubility  in  determining  the  result  of  che- 
insolubil-  jjiical  action  may  be  readily  explained  on  this  principle.  If  nitric 
^  acid,  sulphuric  acid,  and  baryta,  are  mixed  together  in  solution,  the 

base  may  be  conceived  to  be  at  first  divided  between  the  two  acids, 
and  nitrate  and  sulphate  of  baryta  to  be  generated.  The  latter  being 
insoluble  is  instantly  removed  beyond  the  influence  of  the  nitric  acidi 
so  that  for  an  instant  nitrate  of  baryta  and  free  sulphuric  acid  remain 
in  the  liquid  ;  but  as  the  base  left  in  solution  is  agam  divided  betweao 
the  two  acids,  a  fresh  quantity  of  the  insoluble  sulphate  is  generated; 
and  this  process  of  partition  continues,  until  either  the  baryta  or  the 


•uipharic  acid  is  withdrawn  from  the  solution.    Similar  changes  en-    »— t.  n. 
sue  when  nitrate  of  haryta  and  sulphate  of  soda  are  mixed.*' 

89.  The  efflorescence  of  a  salt  is  sometimes  attended  with  a  simi-  or  efflores- 
lar  result.     If  carbonate  of  soda  and  chloride  of  calcium  are  mingled  cence> 
together  in  solution,  the  insoluble  carbonate  of  lime  subsides.     But  if 
carbonate  of  lime  and  seanMilt  are  mixed  in  the  solid  state,  and  a 
certain  degree  of  moisture  is  present,  carbonate  of  soda  and  chloride 

of  calcium  are  slowly  generated  ,  and  since  the  former,  as  soon  as 
h  ia  formed,  separates  itself  from  the  mixture  by  efflorescence,  its 
production  continues  progressively.  The  efflorescence  of  carbonate 
of  soda,  which  is  sometimes  seen  on  old  walls,  or  which  in  some 
countries  is  found  on  the  soil,  appeara  to  have  originated  in  this 
manner. 

90.  From  the  obstacle  which  cohesion  puts  in  the  way  of  affinity,  of  elutie- 
tbe  gaseous  state,  in  which  the  cohesive  power  is  wholly  wanting,  ity, 
might  be  expected  to  be  peculiarly  favourable  to  chemical  action. 

The  reverse,  however,  is  the  fact.  Bodies  evince  little  disposition  to 
■nite  when  presented  to  each  other  in  the  elastic  form.  Combine- 
tioa  does  indeed  sometimes  take  place  in  consequence  of  a  very 
energetic  attraction  ;  but  examples  of  an  opposite  kind  are  much 
more  common.  This  want  of  action  seems  to  arise  from  the  distance 
between  the  particles  preventing  that  close  approximation  which  is 
to  necessary  to  the  successful  exercise  of  affinity.  Hence  many 
gases  cannot  be  made  to  unite  directly,  which  nevertheless  combine 
readily  while  in  their  nascent  state  ;  that  is  while  in  the  act  of  as- 
suming the  gaseous  form  by  the  decomposition  of  some  of  their  solid 
or  fluid  combinations. 

Elasticity  operates  likewise  as  a  decomposing  agenL  If  two  gases, 
the  reciprocal  attraction  of  which  is  feeble,  suffer  considerable  con- 
densation when  they  unite,  the  compound  will  be  decomposed  by 
very  slight  causes.  Chloride  of  nitrogen  affords  an  apt  illustration 
of  this  principle,  being  distinguished  for  its  remarkable  facility  of 
decomposition. 

91.  Many  familiar  phenomena  of  decomposition  are  owing  to  Of  heat. 
elasticity.     All  compounds  that  contain  a  volatile  and  a  fixed  prin- 
ciple, are  liable  to  be  decomposed  by  a  high  temperature.     The  ex- 
pansion occasioned  by  heat  removes  the  elements  of  the  compound 

to  a  greater  distance  from  each  other,  and  thus  by  diminishing  the 
force  of  chemical  attraction,  favours  the  tendency  of  the  volatile  prin- 
ciple to  assume  the  form  which  is  natural  to  it.  The  evaporation  of 
water  from  a  solution  of  salt  is  an  instance  of  this  kind. 

*The  •rpantton  of  salts  by  crystallizatioo,  from  mineral  waters  or  other  saline  miz- 
tarsa,  is  tzplicabJe  hj  a  similar  mode  of  reasoning.  Thus  on  miiing  nitrate  of  polassa 
mi  salpbaia  of  socfa,  four  salts,  according  to  inis  view,  are  generated,  namelj,  the 
•alpbateaof  soda  and  potassa,  and  the  nitrates  of  those  bases ;  and  if  the  solution  be 
allovad  to  evaporate  gradually,  a  point  at  length  arrives  when  the  least  soluble  of 
these  talu,  the  snlphiite  of  potassa,  will  be  disposed  to  crystallize.  As  soon  as 
ssme  of  iu  cr3rstals  are  deposited,  and  thus  withdrawn  from  the  influence  of  the  other 
Sihs,  the  omstituents  of  these  undergo  a  new  arranfrement,  whereby  an  additional 
^isoiity  of  salphate  of  potassa  is  senerated ;  and  this  process  continues  nntil  the 
fisater  put  of  the  sulphuric  acid  andpotassa  has  combined,  and  the  compound  is  re- 
■sfttd  by  crvstallizatioQ.  If  the  difference  in  solubility  is  conaiderabis,  the  separa- 
^m  9i  aahs  may  be  ahtn  rendered  very  complete  by  this  method.    T. 


^  JitiracHon — Chemical. 

<^h*i>»  I.        Many  solid  substances,  which  contain  water  in  a  state  of  intimate 
combination,  part  with  it  in  a  strong  heat  in  consequence  of  the 
volatile  nature  of  that  liquid.     The  separation  of  oxygen  from  some 
metals,  by  heat  alone,  is  explicable  on  the  same  principle. 
Heat  may       ^'  ^^  appears  that  the  influence  of  heat  over  affinity  is  variable ; 
farour  or    for  at  one  time  it  promotes  chemical  union,  and  opposes  it  at  another, 
^g^^       Its  action,  however,  is  always  consistent.     Whenever  the  cohesive 
power  is  an  obstacle  to  combination,  heat  favours  affinity  either  hj 
diminishing  the  cohesion  of  a  solid,  or  by  converting  it  into  a  liquid. 
As  the  cause  of  the  gaseous  state,  on  the  contrary,  it  keeps  at  a  dis- 
tance particles  which  would  otherwise  unite ;    or,  by  producing 
expansion,  it  tends  to  separate  from  one  another  substances  which 
are  already  combined. 
Influence  of     93.  Some  of  the  decompositions,  which  were  attributed  by  Berg- 
on  decom-  ^^^^  ^^  ^^®  *°^®  influence  of  elective  affinity,  may  be  ascribed  to 
position!,   elasticity.     If  three  substances  are  mixed  together,  two  of  which  can 
form  a  compound  which  is  less  volatile  than  the  third  body,  the  last 
will,  in  genera],  be  completely  driven  ofl*  by  the  application  of  beat 
The  decomposition  of  the  salts  of  ammonia  by  the  pure  alkaliea  or 
alkaline  earths,  may  be  adduced  as  an  example. 
On  results       ^^'  '^^^  influence  of  elasticity  in  determining  the  result  of  che- 
of  chemical  mical  action  in  these  instances,  seems  owing  to  the  same  cause 
action,        which  enables  insolubility  to  be  productive  of  similar  efllects.     Thus, 
on  mixing  hydrochlorate  of  ammonia  with  lime,  the  acid  is  divided 
between  the  two  bases;  some  ammonia  becomes  free,  which,  ia 
consequence  of  its  elasticity,  is  entirely  expelled  by  a  gentle  heat. 
The  acid  of  the  remaining  hydrochlorate  of  ammonia  is  again  divided 
between  the  two  bases ;  and  if  a  sufficient  quantity  of  lime  is  pre- 
sent, the  ammoniacal  salt  will  be  completely  decomposed. 

95.  The  influence  of  quantity  of  matter  over  affinity,  is  univer* 
or  quantity  sally  admitted.  If  one  body  a  unites  with  another  body  b  in  several 
of  matter,  proportions,  that  compound  will  be  most  difficult  of  decompositioo 

which  contains  the  smallest  quantity  of  b.  Of  the  thiee  oxides  of 
lead,  for  instance,  the  peroxide  parts  most  easily  with  its  oxygen 
by  the  action  of  heat;  a  higher  temperature  is  required  to  decom- 
pose the  red  oxide ;  and  the  protoxide  will  bear  the  strongest  heat 
of  our  furnaces  without  losing  a  particle  of  its  oxygen. 

96.  The  influence  of  quantity  over  chemical  attraction,  may  be 
xample.    fn^j^gj.  illustrated  by  the   phenomena  of  solution.      When   equal 

weights  of  a  soluble  salt  are  added  in  succession  to  a  given  quantiljf 
of  water,  which  is  capable  of  dissolving  almost  the  whole  of  the  salt 
employed,  the  flrst  portion  of  the  salt  will  disappear  more  readilj 
than  the  second,  the  second  than  the  third,  the  third  than  the  fourth, 
and  so  on.  The  affinity  of  the  water  for  the  saline  substance,  dimi- 
nishes with  each  addition,  till  at  last  it  is  weakened  to  such  a  degree 
as  to  be  unable  to  overcome  the  cohesion  of  the  salt.  The  process 
then  ceases,  and  a  saturated  solution  is  obtained.^ 

*  Quantity  of  matter  is  employed  advantageously  in  many  chemical  operations.  If, 
for  instance,  a  chemist  is  desirous  of  separating  an  acid  from  a  metallic  oxide  by 
means  of  the  superior  affinity  of  potassa  for  the  former,  he  frequently  nses  rmilMr 
more  of  the  alkali  than  is  sufficient  for  neutralizing  the  add.  He  takes  the  preeaa- 
tion  of  employing  an  excess  of  alkali,  in  order  the  more  effectually  to  bring  efiry 
panicle  of  the  substance  to  be  decomposed  in  contact  with  the  decompoaing  agent. 
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97.  But  Berthollet  attributed  a  much  greater  influence  to  quanti-    Secu  n. 
tj  of  matter.     It  was  the  basis  of  his  doctrine,  developed  in  the  Beithollet't 
Siatique  Chimique,  that  bodies  cannot  be  wholly  separated   from  ▼w^*- 
each  other  by  the  afRnity  of  a  third  substance  for  one  element  of  a 
compound  ;  and  to  explain  why  a  superior  chemical  attraction  does 

not  produce  the  effect  which  might  be  expected  from  it,  he  contend- 
ed that  quantity  of  matter  compensates  for  a  weaker  affinity. 

Berthollet  confounded  two  things,  namely,  force  of  attraction  and 
neutralizing  power,  which  are  really  diffc^rent,  and  ought  to  be  held 
distinct  M.  Dulong  has  also  found  that  the  principle  of  Berthollet 
is  not  iu  accord  with  the  results  of  experiment,     t.  isa. 

98.  The  influence   of  gravity  is  perceptible  when  it  is  wished  to  inflaence 
make  two  substances  unite,  the  densities  of  which  are  different.     In  of  graTity, 
a  case  of  simple  solution,  a  larger  quantity  of  saline  matter  is  found 

at  the  bottom  than  at  the  top  of  the  liquid,  unless  the  solution  shall 
have  been  well  mixed  subsequently  to  its  formation.  In  making  an 
alloy  of  two  metals,  which  differ  from  one  another  in  density,  a 
larger  quantity  of  the  heavier  metal  will  be  found  at  the  lower  than 
in  the  upper  part  of  the  compound  ;  unless  great  care  be  taken  to 
counteract  the  tendency  of  gravity  by  agitation.  This  force  obvious- 
ly acts,  like  the  cohesive  power,  in  preventing  a  sufficient  degree  of 
approximation. 

99.  Pressure  has  an  important  influence  upon  chemical  action.     It  of  pres- 
sppears  to  operate  both  by  bringing  the  particles  into  closer  contact,  sore, 
and  by  inducing  elevation  of  temperature.     As  when  chlorate  of  po- 

tassa  and  phosphorus  are  ignited  by  percussion. 

100.  The  chemical  agency  of  galvanism,  and  the  effects  of  light  and  of  imoon- 
electricity,  will  be  most  conveniently  stated  in   other  parts   of  the  dermbles. 
work.     T.  12S. 

101.  As  the  order  of  decomposition  is   not  always  a  satisfactory  Measure  of 
measure  of  the  force  of  affinity,  when  no  disturbing  causes  operate,  affinity, 
the  phenomena  of  decomposition  afford  a  sure  criterion  ;  but  when 

the  conclusions  obtained  in  this  way  are  doubtful,  assistance  may 
be  derived  from  other  sources.  The  surest  indications  are  procured 
by  observing  the  tendency  of  different  substances  to  unite  with  the 
nroe  principle,  under  the  same  circumstances,  and  subsequently  by 
marking  the  comparative  facility  of  decomposition  by  the  same  de- 
composing agent.  Thus,  on  exposing  silver,  lead,  and  iron,  to  air 
and  moisture,  the  iron  soon  rusts,  the  lead  is  oxidized  in  a  slight  de- 
gree only,  and  the  silver  resists  oxidation  altogether.  It  is  hence 
inferred  that  iron  has  the  greatest  affinity  for  oxygen,  lead  next,  and 
silver  the  least.  It  is  inferred  from  the  action  of  heat  on  the  carbo- 
nate of  potassa,  baryta,  lime,  and  oxide  of  lead,  that  potassa  has  a 
stronger  attraction  for  carbonic  acid  than  baryta,  baryta  than  lime, 
and  lime  than  oxide  of  lead. 

102.  Of  all  chemical  substances,  our  knowledge  of  the  relative  de-  Of  acids 
grees  of  attraction   of  acids  and  alkalies  for  each  other  is  the  most  j^°J  ***'■" 
uncertain.     Their  action  on  one  another  is  affected  by  so  many  cir- 
cumstances, that  it  is  in  most  cases  impossible,  with  certainty,  to  re- 
fer any  effect  to  its  real  cause,     t. 

103.  Substances  which  unite  chemically  have  been  found  to  do  so  Suhstances 
in  certain  proportions.     In  some  cases  they  are  united   in  a  great  "<"^^.*° 

_*^         •       .1.  1     •        r  f        r       •     .  V  certain  pro- 

many  proportions,  ui  others  only  m  a  few.    In  a  few  instances  combi-  ponioos 


24  ^ttratti&n—Clumioal. 

cfcfcp-  L    nation  takes  place  unlimitedly  in  all  proportions ;  in  others  it  occurs 
Unlimttad,  in  every  proportion  within  a  certain  limit.     The  union  of  water  with 
alcohol  and  the  liquid  acids,  such  as  the  sulphuric,  hydrochloric,  and 
nitric  acids,  affords  instances  of  the  first  mode  of  combination  ;  the 
solutions  of  salts  in  water  are  examples  of  the  second.     One  drop 
of  sulphuric  acid  may  be  difiused  through  a  gallon  of  water,  or  a  drop 
of  water  through  a  gallon  of  the  acid  ;  or  they  may  be  mixed  to* 
gether  in  any  intermediate  proportions  ;  and  in  each  case  they  ap- 
pear to  unite  perfectly  with  each  other.     A  hundred  grains  of  watec» 
Limited,     on  the  contrary,  will  dissolve  any  quantity  of  sea-Mlt  which  doM 
not  exceed  forty  grains.    Its  solvent  power  then  ceases,  because  the 
cohesion   of  the  solid  becomes  comparatively  too  powerful  for  the 
force  of  affinity.     The  limit  to  combination  is  in  such  instances  ow- 
ing to  the  cohesive  power ;  and  but  for  the  obstacle  which  it  occa* 
sions,  the  salt  would  most  probably  unite  with  water  in  every  pro- 
portion. 
Chancter       ^^^'  ^^  ^^®  substances  that  unite  in  many  proportions,  give  rise  to 
of  eom-     compounds  which  have  this  common  character,  that  their  elements 
pounds  of   i^fe  united  by  a  feeble  affinity,  and  preserve,  when  combined,  more 
pomoiit^    ^^  ^^^^  0^  ^^®  properties  which  they  possess  in  a  separate  state. 

105.  The  most  interesting  series  of  compounds  is  produced  by  sub- 
^**^*  stances  which  unite  in  a  few  proportions  only;  and  which,  in  com- 
bining, lose  more  or  less  completely  the  properties  that  distinguish 
them  when  separate.  Of  these  bodies,  some  form  but  one  combi- 
nation. Others  combine  in  two  proportions.  Others  again  unite  in 
three,  four,  five,  or  even  six  proportions,  which  is  the  greatest  num- 
ber of  compounds  that  any  two  substances  are  known  to  produce, 
except  perhaps  carbon  and  hydrogen,  and  those  which  belong  to  the 
first  division. 
I^^,,  106.  The  combination  of  substances  that  unite  in  a  few  propor- 

tions only,  is  regulated  by  the  three  following  remarkable  laws : — 
First  law.  I*  The  first  law  is,  that  the  composition  of  bodies  is  fixed  and 
invariable.  A  compound  substance,  so  long  as  it  retains  its  charac- 
teristic properties,  always  consists  of  the  same  elements  united  to- 
gether in  the  same  proportion.  Water  is  formed  of  1  part*  of  hy- 
drogen and  8  of  oxygen  ;  and  were  these  two  elements  to  unite  in 
any  other  proportion,  some  new  compound,  different  from  water, 
would  be  the  product.  The  same  observation  applies  to  all  other 
substances,  however  complicated,  and  at  whatever  period  they  were 
produced.  This  law  is  universal  and  permanent.  Its  importance  is 
equally  manifest :  it  is  the  essential  basis  of  chemistry. 
How  ac-  ^^^'  '^^^^  views  have  been  proposed  by  way  of  accounting  for  thb 
counted  for.  law.  The  explanation  now  universally  i^iven,  is  confined  to  a  mere 
statement,  that  substances  are  disposed  to  combine  in  those  propor- 
tions to  which  they  are  so  strictly  limited,  in  preference  to  any  oth- 
ers ;  it  is  regarded  as  an  ultimate  fact,  because  the  phenomena  are 
explicable  on  no  other  known  principle. 

The  tendency  of  bodies  to  unite  in  definite  proportions  only,  is  io 
great  as  to  excite  a  suspicion  that  all  substances  combine  in  this 
way ;  and  that  the  exceptions  thought  to  be  afforded  by  the  pheno- 
mena of  solution,  are  rather  apparent  than  real. 

*  By  the  axpreadoa  "  paru"  is  mctot  parts  by  w«iiiit. 


Neutral  Compounds.  26 

108L  The  seeoad  law  of  combinatioD  is,  that  the  relative  quanti-    Sect,  ii. 
ties  in  which  bodies  unite  may  be  expressed  by  proportional  num-  Second 
bers.     Thus,  8  parts  of  oxygen  unite  with  1  part  of  hydrogen,  16. 1 1^^* 
of  sulphur,  36.42  of  chlorine,  39.6  of  selenium,  and   108  parts  of 
silver.     Such  are  the  quantities  of  these  five  bodies  which  are  dis- 
posed to  unite  with  8  parts  of  oxygen ;  and  it  is  found  that  when 
they  combine  with  one  another,  they  unite  either  in  the  proportions 
expressed  by  those  numbers,  or  in  multiples   of  them  according  to 
the  third  law  of  combination. 

109.  From  the  occurrence  of  such  proportional  numbers  has  aris-  EqoiTa* 
en  the  use  of  certain  terms,  as  Proportion,  Combining  Proportion,  *•"**■»  *«• 
Proportional^  and  Chemical  Equivalent^  or  Equivalent,  to  express 
them.     The  latter  term,  introduced  by  Wollaston,  was  suggested  by 

the  circumstance  that  the  combining  proportion  of  one  body  is, 
as  it  were,  equivalent  to  that  of  another  body,  and  may  be  substitu- 
ted for  it  in  combination.  _    . 

110.  This  law  does  not  apply  to  elementary  substances  only,  since  ^u  df 
compound  bodies  have  their  combining  proportions  or  equivalents,  compounds. 
which  may  likewise  be  expressed  in  numbers.     Thus,  since  water  is 
composed  of  one  equivalent  or  8  parts  of  oxygen,  and  one  equiva- 
lent or  1  of  hydrogen,  its  combining  proportion  or  equivalent  i&  9. 

The  equivalent  of  sulphuric  acid  is  40.1,  because  it  is  a  compound 
of  one  equivalent  or  16.1  parts  of  sulphur,  and  three  equivalents  or 
24  parts  of  oxygen.  The  equivalent  number  of  potassium  is  39.15, 
and  as  that  quantity  combines  with  8  of  oxygen  to  form  potassa, 
the  equivalent  of  the  latter  is  39.15-|-8=47.15.  Now  when  these 
compounds  unite,  one  equivalent  of  the  one  combines  with  one,  two, 
three,  or  more  equivalents  of  the  other,  precisely  as  the  simple  sub- 
stances do.  The  equivalent  of  sulphate  of  potassa  will  therefore  be 
40.1+47.15=87.25. 

111.  The  composition  of  the  salts  afibrds  a  very  instructive  illus- Kxamplet. 
tration  of  this  subject ;  and  to  exemplify  it  still  further,  a  list  of  the 
equivalents  of  a  few  acids  and  alkaline  bases  is  annexed  : — 

Hvdrofluoric  acid  19.68  Lithia  14.44 

Pnoapboric  acid  71.4  Magnesia  20.7 

Hydrochloric  acid  36.42  Lime  28.5 

Salphuric  acid  40.1  Soda  31.3 

Nitric  acid  54.15  Potassa  47.15 

Anenic  acid  115.4  Strontia  51.8 

Selenic  acid  63.6  Baryta  76.7 

It  will  be  seen  at  a  glance  that  the  neutralizing  power  of  the  dif- 
ferent alkalies  is  very  difierent ;  for  the  equivalent  of  each  base  ex- 
presses the  quantity  required  to  neutralize  an  equivalent  of  each  of 
the  acids.  Thus  14.44  of  lithiat  31.3  of  soda,  and  76.7  of  baryta, 
combine  with  64.15  of  nitric  acid,  forming  the  neutral  nitrates  of 
lithia,  soda,  and  baryta.  The  same  fact  is  obvious  with  respect  to 
the  acids  ;  for  71.4  of  phosphoric,  40.1  of  sulphuric,  and  115.4  of 
arsenic  acid  unite  with  76.7  of  baryta,  forming  a  neutral  phosphate, 
nilphate,  and  arseniate  of  baryta. 

112.  These  circumstances  afibrd  a  ready  explanation  of  a  curious  i^eutral 
bet,  first  noticed  by  the  Saxon  chemist  Wenzel ;  namely,  that  when  compoundi. 
two  neutral  salts  mutually  decompose  each  other,  the  resulting  com- 

rmds  are  likewise  neutral.     The  cause  of  this  fact  is  now  obvious. 
71.4  parts  of  neutral  sulphate  of  soda  are  mixed  With  130.85  of 
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Otop«  i«  nitrate  of  baryta,  the  76.7  parts  of  baryta  unite  with  40.1  of  sulphuric 
acid,  and  the  54.15  parts  of  nitric  acid  of  the  nitrate  combine  with 
the  31.3  of  soda  of  the  sulphate,  not  a  particle  of  acid  or  alkali  re- 
maining in  an  uncombioed  condition. 


Third  law. 


Ratios. 


Whole 
Domben. 


StdpkaU  of  Soda. 
Sulphuric  acid 
Soda 


40.1 
31.3 

71.4 


Nitrate  of  BanOa. 
54.15  Nitric  acid, 
76.7    Baryta, 


130.85 


It  matters  not  whether  more  or  less  than  71.4  parts  of  sulphate 
of  soda  are  added ;  for  if  more,  a  small  quantity  of  sulphate  of  so- 
da will  remain  in  solution  ;  if  less,  nitrate  of  baryta  will  be  in  ex- 
cess ;  but  in  either  case  the  neutrality  will  be  unaffected. 

113.  The  third  law  of  combination  is,  that  when  one  body  A 
unites  with  another  body  b  in  two  or  more  proportions,  the  quanti- 
ties of  the  latter,  united  with  the  same  quantity  of  the  former,  bear 
to  each  other  a  very  simple  ratio.  The  progress  of  chemical  re- 
search, in  discovering  new  compounds  and  ascertaining  their  eiact 
composition,  has  shown  that  these  ratios  of  b  may  be  represented 
by  one  or  other  of  the  two  following  series : — 

»   1st  Series^    a  unites  with  1,  2,  3,  4,  5,  &c.  of  b. 
2d  Series,     a  unites  with  1,  li,  2,  2^,  &c.  of  b. 

The  first  series  is  exemplified  by  the  subjoined  compounds  : 

Water  is  composed  of  .            Hydrogen  1 

Binoxide  of  nydrogen                           Do.  1 

Carbonic  oxide        .                         Carbon  6.12 

Carbonic  acid          .                             Do.  6.12 

Nitrous  oxide                                     Nitrogen  14.15 

Nitric  oxide                                           Do.  14.15 

Hyponitroufl  acid  .                Do.  14.15 

Nitrous  acid                                          Do.  14.15 

Nitric  acid                                             Do.  14.15 

It  is  obvious  that  in  all  these  compounds  the  ratios  of  the  oxygen 
are  expressed  by  whole  numbers.  In  water  the  hydrogen  is  com- 
bined with  half  as  much  oxygen  as  in  the  binoxide  of  hydrogen,  so 
that  the  ratio  is  as  1  to  2.  The  same  relation  holds  in  carbonic 
oxide  and  carbonic  acid.  The  oxygen  in  the  compounds  of  nitro* 
gen  and  oxygen  is  in  the  ratio  of  1,  2,  3,  4,  and  5.  In  like  manner 
the  ratio  of  sulphur  in  the  two  sulphurets  of  mercury,  and  that  of 
chlorine  in  the  two  chlorides  of  mercury,  is  as  1  to  2.  So,  in  bicar- 
bonate of  potassa,  the  alkali  is  united  with  twice  as  much  carbonic 
acid  as  in  the  carbonate ;  and  the  acid  of  the  three  oxalates  of  po- 
tassa is  in  the  ratio  of  1,  2,  and  4. 

The  following  compounds  exemplify  the  second  series  : — 


8 
16 


Oxygen  8 
Do.  16 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


I 
% 

1 
2 


8^1 
16    S 

84  ys 

38|4 
40J5 


Halfeqoif 
alents. 


Protoxide  of  iron 
Sesquioxide  or  Peroxide 
Protoxide  of  manganese 
Sesquioxide* 
Binoxide 
Arsenious  acid 
Arsenic  acid 
Hypophosphorous  acid 
Phosphorous  acid 
Phosphoric  acid 


consists  of  Iron  28 

Do.  28 

Manganese  27.7 

.      Do.  27.7 

Do.  27.7 

Arsenic  37.7 

.       Do.  37.7 

Phosphorus  15.7 

Do.  15.7 

Do.  15.7 


Oxygen  8)1 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


12 

8 

19 

16 


1 


I2\\k 


«^a 


so 


*  The  Latin  sec^,  one  and  a  half,  is  used  when  the  elements  of  an  oxide,  chloride* 
4u:.,  are  as  I  to  1|  or  as  2  to  3. 
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Both  of  these  series,  which  together  constitute  the  third  law  of  Stct.  n. 
comhinatioD,  result  naturally  from  the  operation  of  the  second  law. 
The  first  series  arises  from  one  equivalent  of  a  hody  uniting  with 
1,  2,  3,  or  more  equivalents  of  another  hody*     The  second  series  is 
a  ponsequence  of  two  equivalents  of  one  substance  combining  with 
3,  5,  or  more  equivalents  of  another.     Thus  i(  two  equivalents  of 
jAosphorus  unite  both  with  3  and  with  5  equivalents  of  oxygen,  we 
obtain  the  ratio  of  li  to  2k  ;  and  should  one  equivalent  of  iron  com- 
bine with  one  of  oxygen,  and  another  compound  be  formed  of  two 
eqaimlents  of  iron  to  three  of  oxygen,  then  the  oxygen  united  with 
the  same  weight  of  iron  would  have  the  ratio,  as  in  the  tabl^,  of  1 
to  li.     Still  more  complex  arrangements  will  be  readily  conceived,]foreoom- 
•uch  as  3  equivalents  of  one  substance  to  4,  5,  or  more  of  another,  plex 
Bat  it  is  remarkable  that  combinations  of  the  kind  are  very  rare  ;  ^|2u*" 
and  even  their  existence,  though  theoretically  possible,  has  not  been 
decidedly  established.'^ 

114.  The  utility  of  being  acquainted  with  these  important  laws  isAdTanta-' 
almost  too  manifest  to  require  mention  Through  their  aid,  and  byP*"®^^^*** 
remorobering  the  equivalents  of  a  few  elementary  substances,  the 
composition  of  an  extensive  range  of  compound  bodies  may  be  cal- 
culated with  facility.  Thus,  by  knowing  that  6.12  is  the  equivalent 
of  carbon  and  8  of  oxygen,  it  is  easy  to  recollect  the  composition  of 
carbonic  oxide  and  carbonic  acid  ;  the  first  consisting  of  6.12  parts 
of  carbon  Hh  8  of  oxygen,  and  the  second  of  6.12  carbon  -|-  16  of 
oxygen.  The  equivalent  of  potassium  is  39.15;  and  potassa,  its 
protoxide,  is  composed  of  39.15  of  potassium  -f-  8  of  oxygen.  From 
these  few  data,  we  know  at  once  the  composition  of  carbonate  and 
bicarbonate  of  potassa ;  the  former  being  composed  of  22. 12  parts 
of  carbonic  acid  -|-  47.15  potassa,  and  the  latter  of  44.24  carbonic 
acid  4*  47.15  potassa.  This  method  acts  as  an  artificial  memory, 
the  advantage  of  whichi  compared  with  the  common  practice   of  » 

ttatinff  the  composition  in  100  parts,  will  be  manifest  by  inspecting 
the  foUowing  quantities,  and  attempting  to  recollect  them. 

Oxrhonic  Oxide.  Carbonic  AcitL 

Cwbon  42.86  27.27 

Ozjgen  57.14  ....  72.73 

Carbonate  qf  Potassa.  Bicarbonate  of  Potassa, 

Cart)onic  acid    31.43  ....  47.83 

68.57  ....  52.17 


From  the  same  data,  calculations,  which  would  otherwise  be  difii- 
coh  or  tedious,  may  be  made  rapidly  and  with  ease,  without  refer- 

•  The  m«rii  of  ettablUhing  the  first  law  of  onmbination  Beemi  iustly  due  to  Wen- 
mL  a  Saioo  cbemitt ;  and  the  second  law  is  also  dcducible  from  bis  experiments  on 
IW  composition  of  the  salu.  His  work,  entitled  Lehre  der  Yfrwmdischqfl.ynM  pub- 
lUied  inim.  The  late  Mr  HiRgios,  also,  in  1789,  speeulated  on  the  atomic  consti- 
titioii  of  compmind  bodies ;  but  h  is  to  Dalton*  that  we  are  indebted  for  a  theonr  of 
dMmical  vnioo,  embracing  the  whole  science,  and  mring  ii  a  consistencjr  and  form 
which  before  his  time  it  had  nercr  possessed.  Of  all  who  hare  successfully  laboured 
k  ettablishrag  the  laws  of  combination,  the  most  splendid  contribution  is  that  of  the 
wisbratoH  Barzelius. 

♦  A'eu>  System  of  Chem.  Philos,  1808. 
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Chap.  I.  ence  to  books,  and  frequently  by  a  simple  mental  process.  The  ex- 
Uses,  act  quantities  of  substances  required  to  produce  a  given  effect  maj 
be  aeterraincd  with  certainly,  thus  affording  information  which  is 
often  necessary  to  the  success  of  chemical  processes,  and  of  great 
consequence  both  in  the  practice  of  the  chemical  arts»  and  in  the 
operations  of  pharrtracy. 
In  analysis,  jj^.  The  same  knowledge  affords  a  good  test  to  the  analjrst  bj 
which  he  may  judge  of  the  accuracy  of  his  result,  and  evea  some- 
times correct  an  analysis  which  he  has  not  the  means  of  performing 
with  rigid  precision.  Thus  a  powerful  argument  for  the  acconcr 
of  an  cinalysis  is  derived  from  the  correspondence  of  its  result  with 
the  laws  of  chemical  union.  On  the  contrary,  if  it  form  an  ezeep* 
tion  to  them,  we  are  authorized  to  regard  it  as  doubtful;  and  may . 
hence  be  led  to  detect  an  error,  the  existence  of  which  might  not 
otherwise  have  been  suspected.  If  an  oxidized  body  be  foand  to 
contain  one  equivalent  of  the  combustible  with  7.99  of  oxygen,  it  is 
fair  to  infer  that  8,  or  one  equivalent  of  oxygen,  would  hsTe  heeo 
the  result,  had  the  analysis  been  perfect. 

The  composition  of  a  substance  may  sometimes  be  determined  by 
a  calculation,  founded  on  the  laws  of  chemical  union,  before  an 
analysis  of  it  has  been  accomplished. 

116.  The  method  of  determining  equivalent  numbers  will  be  an- 
ticipated from  what  has  already  been  said.  The  commencement  is 
made  by  carefully  analyzing  a  definite  compound  of  two  simple  sob* 
stances  which  possess  an  extensive  range  of  affinity.  Thus  water, 
a  compound  of  oxygen  and  hydrogen,  is  found  to  contain  8  parts  of 
the  former  to  1  of  the  latter ;  and  if  it  be  assumed  that  water  con- 
sists of  one  equivalent  of  oxygen  and  one  of  hydrogen,  the  relative 
weights  of  these  equivalents  will  be  as  8  to  1.  The  chemist  then 
selects  for  analysis  such  compounds  as  he  believes  to  contain  one 
equivalent  of  each  element,  in  which  either  oxygen  or  hydrogen, 
but  not  both,  is  present.  Carbonic  oxide  and  hydrosulphuric  acid 
arc  suited  to  his  purpose :  as  the  former  consists  of  8  parts  of 
oxygen  and  6.12  of  carbon,  and  the  latter  of  1  part  of  hydrogen  and 
16.1  of  sulphur,  the  equivalent  of  carbon  is  inferred  to  be  6.21,  and 
that  of  sulphur  16.1.  The  equivalents  of  all  the  other  elements 
may  be  determined  in  a  similar  manner.* 

117.  Since  the  equivalents  merely  express  the  relative  quantities 
of  different  substances  which  combine  together,  it  is  in  itself  imma- 
terial what  figures  are  employed  to  express  them.     The  only  essen- 


Nambers 
how  deter 
mined. 


Essential 
point. 


*  In  researches  on  chemical  equiralents  there  are  two  kinds  of  difficnltr, 
Tolved  in  the  processes  for  ascertaining  the  exact  composition  of  oompooocls,  and  ths 
other  in  the  selection  of  the  compounds  which  contain  single  eqairalents.  Impar' 
Unt  general  precautions  in  the  experimental  part  of  the  subject  are  the  foUowinc:— 
1,  to  exert  scrupulous  care  about  the  purity  of  materials ;  3,  to  select  matbodt  wUeh 
consist  of  a  few  simple  operations  only  ;  3,  to  repeat  experiments,  and  with  mate- 
rials prepared  at  diflferent  times ;  4,  to  arrire  at  the  same  conclusion  by  two  or  mora 
processes  independent  of  each  other.  In  the  selection  of  compounds  of  iiDrie  aqiBf- 
alents,  there  are  sereral  circumstances  calculated  to  direct  the  judgment ;  Tor  wnieli 
see  Turner's  Elements  of  Chemistry,  p.  139.  The  ready  decomposition  by  galtao- 
ism,  obserred  by  Faraday,  of  compounds  which  consist  "of  single  equivaleota,  tad 
the  resistance  to  the  same  agent  of  many  others  not  so  constituted,  promiaet  to  be- 
come an  indication  of  great  Taloe  in  determining  cquindent  number*. 
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lial  point  is,  that  the  relation  should  be  strictly  observed.  Thus,  »•<*•  n. 
the  equivalent  of  hydrogen  may  be  assumed  as  10 ;  but  then 
oxygen  must  be  80,  carbon  61.2  and  sulphur  16.1.  We  may  call  hy- 
drogen 100  or  1000 ;  or,  if  it  were  desirable  to  perplex  the  subject  as 
much  as  possible,  some  high  uneven  number  might  be  selected,  pro- 
vided the  due  relation  between  the  different  numbers  were  faithful- 
ly preserved.  But  such  a  practice  would  effectually  do  away  with 
the  advantage  above  ascribed  to  the  use  of  equivalents;  and  it  is 
ibe  object  of  every  one  to  employ  such  as  are  simple,  that  their  re- 
ktion  may  be  perceived  by  mere  inspection.  Thomson  makes 
oxygen  1,  so  that  hydrogen  is  eight  times  less  than  unity,  or  0.125, 
cmrbon  0.75,  and  sulphur  2.  Wollaston,  in  his  scale  of  chemical 
equivalents,  estimated  oxygen  at  10;  and  hence  hydrogen  is  1.25,  Udii. 
carbon  7.5  and  so  on.  According  to  Berzelius,  oxygen  is  100.  And 
lastly,  several  other  chemists,  such  as  Dalton,  Davy,  Henry,  and 
others,  selected  hydrogen  as  their  unit ;  and,  therefore,  the  equiva- 
lent of  oxygen  is  8.  One  of  these  series  may  be  reduced  to  either 
o(  the  others  by  an  obvious  and  simple  calculation.  The  numbers 
adopted  in  this  work  refer  to  hydrogen  as  unity,     t.  !4i. 

119.  These  equivalent  numbers,  when  once  well  ascertained  and  Wollai-' 
arranged  in  a  tabular  form,  becotne  a  safe  and  invaluable  source  of  ^"'■'^•* 
infonnation  to  the  chemist.  By  adapting  a  table  of  this  sort  to  a 
moveable  scale,  on  the  principle  of  Gunter's  sliding  rule,  Wol- 
kston  constructed  a  logometric  scale  of  chemical  equivalents^ 
which  is  capable  of  solving  with  great  facility  many  problems  of 
cheroistry.* 

119.  To  account  for  the  laws  observed  with  regard  to  the  definite  Atomic 
combinations  of  bodies,  Dalton  proposed  what  may  be  termed,  the    ****^' 
mUmnc  theory  of  the  chemical  constitution  of  bodies.     The   laws 
themselves  are  the  deductions  from  experiment,  the  mere  expression 

of  the  facts,  and  are  not  necessarily  connected  with  any  speculation. 

120.  Two  opposite  opinions  have  long  existed  concerning  the  Atoma, 
ultimate  elements  of  matter.     It  is  supposed,  according  to  one  party,  '^^^^i 
that  every  particle  of  matter,  however  small,  may  be  divided  into 
smaller  portions,  provided  our  instruments  and  organs  were  adapted 

to  the  operation.  Their  opponents  contend,  on  the  other  hand,  that 
matter  is  composed  of  certain  ultimate  particles  or  molecules,  which 
by  their  nature  are  indivisible,  and  are  hence  termed  atoms  (from  a 
mot  and  ttfiPBiw  to  cut).  These  opposite  opinions  have  from  time  to 
time  been  keenly  contested,  and  the  progress  of  modern  che- 
mistry has  revived  attention  to  this  controversy.  We  have  only 
to  astame  with  Dalton,  that  all  bodies  are  composed  of  ulti- 
mate atoms,  the  weight  of  which  is  difierent  in  different  kinds  of 
toatter,  and  we  explain  at  once  the  foregoing  laws  of  chemical 
anion ;  and  this  mode  of  reasoning  is,  in  the  present  case,  almost 
decisive,  because  the  phenomena  do  not  appear  explicable  on  any 
other  supposition. 

121.  According  to  the  atomic  theory,  every  compound  is  formed 

^  FIbt  d«Mnp(ioii  of  this  instraroent,  and  a  table  of  chemical  eaoiTalents  of  elemen- 
aij  tobataacet,  ace  Appendix.    Sec  alao  Faraday'a  Chemical  Manipulatian. 


30  Attraction — Chemical. 

^^h^p*  ^'  of  the,  atoms  of  its  constituents.  An  atom  of  A  may  unite  with  one, 
Form  com-  two,  three,  or  more  atoms  of  B.  Thus  supposing  water  to  be  com- 
pooDdf .  posed  of  one  atom  of  hydrogen? and  one  atom  of  oxygen,  binoxide  of 
hydrogen  will  consist  of  one  atom  of  hydrogen  and  two  atoms  of 
oxygen.  If  carbonic  oxide  is  formed  of  one  atom  of  carbon  and  one 
atom  of  oxygen,  carbonic  acid  will  consist  of  one  atom  of  carbon  an4 
two  atoms  of  oxygen. 

If,  in  the  compounds  of  nitrogen  and  oxygen  enumerated  at  (page 
26,)  the  first  or  protoxide  consist  of  one  atom  of  nitrogen  and  one 
atom  of  oxygen,  the  four  others  will  be  regarded  as  compounde  of 
one  atom  of  nitrogen  to  two,  three,  four,  and  five  atoms  of  oxygen* 
From  these  instances  it  will  appear,  that  the  law  of  multiple  propor* 
tioi^  is  a  necessary  consequence  of  the  atomic  theory.   There  is  also 
no  apparent  reason  why  two  or  more  atoms  of  one  substance  may 
not  combine  with  two,  three,  four,  five,  or  more  atoms  of  another ; 
but,  on  the  contrary,  these  arrangements  are  necessary  in  explana* 
tion  of  the  not  unfrequent  occurrence  of  half  equivalents,  as  formerly 
stated.    (Page  27.)    Such  combinations  will  also  account  for  the 
complicated  proportion  noticed  in  certain  compounds,  especially  in 
many  of  those  belonging  to  the  animal  and  vegetable  kingdom. 
Use  of  the       122.  In  consequence  of  the  satisfactory  explanation  which  the  laws 
term  atom,  of  chemical  union  receive  by  means  of,  the  atomic  theory,  it  has 
become  customary  to  employ  the  term  dtom  in  the  same  sense  as 
combining  proportion  or  equivalent.     For  example,  instead  of  de*  * 
scribing  water  as  a  compound  of  one  equivalent  of  oxygen  and  one 
equivalent' of  hydrogen,  it  is  said  to  consist  of  one  atom  of  each 
element.     In  like  manner  sulphate  of  potassa  is  said  to  be  formed  of 
one  atom  of  sulphuric  acid  and  one  atom  of  potassa  ;  the  word  in  this 
case  denoting  as  it  were  a  compound  atom,  that  is,  the  smallest  inte- 
gral particle  of  the  acid  or  alkali, — a  particle  which  does  not  admit 
of  being  divided,  except  by  the  separatioQ  of  its  elementary  or  con* 
stituent  atoms.     The  numbers  expressing  the  proportions  in  which 
bodies  unite,  miist  likewise  indicate,  consistently  with  this  view,  the 
relative  weights  of  atoms  ;  and  accordingly  these  numbers  are  often 
Atomic       called  atomic  weights.     Thus,  as  water  is  composed  of  8  parts  of  ozy- 
weight.      g,gjj  ^^^   J  qJ-  hydrogen,  it  follows,    on  the  supposition  of  water 
consisting  of  one  atom  of  each  element,  that  an  atom  of  oxygen  must 
be  eight  times  as  heavy  as  an  atom  of  hydrogen.     If  carbonic  oxide 
be  formed  of  an  atom  of  carbon  and  an  atom  of  oxygen,  the  relatife 
weight  of  their  atoms  is  as  6.12  to  8;  and  in  short  the  chemical 
equivalents  of  all  bodies  may  be  considered  as  expressing  the  rela- 
tive weights  of  their  atoms. 
Arguments      123.  The  arguments  in  favour  of  the  atomic  constitution  of  matter 
'  in  support  become  much  stronger,  when  we  trace  the  intimate  connexion  which 
of  the  the-  gQ^sists,  among  many  substances,  between  their  crystalline  form  and 
^^'  chemical  composition.     The  only  mode  of  satisfactorilv  accounting  • 

for  the  striking  identity  of  crystalline  form  observable,  first,  between 
two  substances,  and  secondly,  between  all  their  compounds,  which 
have  an  exactly  similar  composition,  is  by  supposing  them  to  consist 
of  ultimate  particles,  possessed  of  the  same  figures,  and  arranged  in 
precisely  the  same  order.    The  phenomena  presented  by  isomer^ 
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phous  bodies  (50),  afibrd  a  powerful  argument  in  favour  of  the  atomic    Stcu  n. 
theory.*   T.418. 

124.  Soon  after  the  publication  of  Dal  ton's  views  of  the  atomic  rpt^eory  of 
coottitution  of  bodies,t  a  paper  appeared  by  Gay-Lussac,t  in  which  toIqidm. 
he  proved  that  gases  unite  together  by  volume  in  very  simple  and 
definite  proportions.     It  was  found  that  water  is  composed  precisely 

of  100  measures  of  oxygen  gas  and  200  measures  of  hydrogen  ;  and 
Gay-Lussac,  being  struck  by  this  pecuHary  simple  proportion,  was 
induced  to  examine  the  combinations  of  other  gases,  with  the  view 
of  ascertaining  if  any  thing  similar  occurred  in  other  instances. 

The  first  compounas  which  he  examined  were  those  of  ammoniacal 
ns  with  hydrochloric,  carbonic,  and  fiuoboric  acid  gases.  100  vo- 
raines  of  the  alkali  were  found  to  combine  with  precisely  100  volumes 
of  hydrochloric  acid  gas,  and  they  could  be  made  to  unite  in  no  other 
ratio.  With  both  the  other  acids,  on  the  contrary,  two  distinct  com- 
binationa  were  possible.     These  are 

100  Fiuoboric  aoid  gas,  with  100  Ammoniacal  gas. 
100  do.  200      .  do. 

100  Carbonic  acid  gas  100         do. 

100  do.  200         do. 

Various  other  examples  were  quoted,  both  from  his  own  experi- 
ments and  from  those  of  others,  all  demonstrating  the  same  fact. 

125.  From  these  and  other  instances  Gay-Lussac  established  the  union  of 
^t,  that  gaseous  substances  unite  in  the  simple  ratio  of  1  to  1,  1  to  gases. 
2,  1  to  3,  &c. ;  and  this  original  observation  has  been  confirmed  by 

a  multiplicity  of  experiments.  Nor  does  it  apply  to  gases  merely, 
bat  to  vapours  also. 

126.  Another  remarkable  fact  established  by  Gay-Lussac  intheofeom- 
same  essay  is,  that  the  volumes  of  compound  gases  and  vapours  pound 
always  bear  a  very  simple  ratio  to  the  volumes  of  their  elements.  8*»««* 
Thus, 

Vohtmei  qf  Elementa.  Volumea  of  resulting  CompoundM. 

100  Nitrogen  gas  4-  300  Hydrogen  gas  yield    200  Ammoniacal  gas. 

50  Oxygen    "    -U  100  Hvdrogen   »»  .     .    .  100  Water. 

50  Oxygen    *'    -f  100  Nitrogen     *<  .    .    .  1 00  Protoxide  of  nitrogen  gas. 

100  Chlorine  "    -j-  100  Hydrogen  "  .    .     .200  Hydrochloric  acid       " 

100  Iodine       "    X  100  Hydrogen  **  .     .     .200  Hydriodic  acid  «* 

100  Oxygen    '«    +  100  Nitrogen     "...   200  Binoxide  of  nitrogen  «« 


*  DihMi  supposes  that  the  atoms  of  bodies  are  spherical ;  and  he  has  invented  cer- 
iMM  symbols  to  represent  the  mode  in  which  he  coDceJTes  they  may  combine  together, 
as  iOoslntad  by  the  following  figures : 

0  Hydrogen.  O  Oxygen. 

CD  Nitrogen.  %  Carbon. 

BINABT   COMPOUNDS. 

O  0  Water. 

O  #  Carbonic  oxide. 

TXRNABT  COMPOUNDS. 

O  0  O  Binoxide  of  hydrogen. 
O  #  O  Carbonic  acid. 
&c.  &c.  &c. 

All  sabstances  containing  only  two  atoms  he  called  binary  compounds ;  those  coro- 
poaed  ©f  three  atoms,  ternary  compounds ;  of  four,  quaternary,  &c.  For  a  more  full 
aeeovat  of  the  doctrine  of  atoms,  see  Daubeny  on  the  Atomic  Theory,  and  Piout's 
Bridgewaier  Treatiae, 

t  New  Syttem  qf  Chem.  Phi'  t  Mem.  d'ArcueU, 
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CThap.  I.        The  law  of  multiples  (page  26)  is  equally  demonstrable  by  means 
of  combining  volumes  as  by  combining  weights.     Thus, 


Combining 
Toiomes. 


Volumes  qf  Elements. 

50  Oxygen 

10«  do. 

150  do. 

200  do. 

260  do.  ■ 

50  do. 

100  do. 

50  do. 

100  do. 


100  Nitrogen 

100      do. 

100      do. 

100      do. 

100      do. 

100  Hydrogen 

100      do. 

100  Carbon  vapour  4- 

100      do 


Retuiting  QmpomidB' 

eld         Protoxide  of  nitrofeo. 
Binoxida  of  nitrogen. 
HjponitrouM  acid. 
Nitrous  acid. 
Nitric  acid. 
Water. 

Binoxide  of  hTdroftn. 
Carbonic  oxioe. 
Carbonic  acid. 


Table  of 
eqniTalent 
weights, 
dtc. 


+ 

It  thus  appears  that  the  laws  of  combination  may  equally  well  be 
deduced  from  the  volumes  as  from  the  weights  of  the  combining 
substances,  and  that  the  composition  of  gaseous  bodies  may  bis  ex- 
pressed as  well  by  measure  as  weight. 

127.  The  following  table  exhibits  a  view  of  equivalent  weights  and 
volumes,  to  which  are  added  the  respective  specific  gravities  in  Teh* 
tion  both  to  air  aud  hydrogen. 


Gases  and  Vapoubb. 


Hydrogen,       -        -        - 
Nitrogen,    -        -        -        - 
Cblorine,         .       -       - 
Carbon,  (hypothetical), 
Iodine,    -        -        -        - 
Bromine,    -        -        -        - 
Water,    -        -        -        - 
Alcohol,      .... 
Suluhuric  ether, 
Lignt  carburet  ted  hydrogeu, 
Olefiantgas,        .        .        . 
Carbonic  oxide. 
Carbonic  acid,    -        .        . 
Protoxide  of  nitrogen, 
Sulphurous  acid. 
Sulphuric  acid,  (anhydrous) 
Cyanogen,  -        -        .        - 
Hydrosulphuric  acid, 

Binoxide  of  nitrogen,  - 
Mercury, 

Ammonia,  -        -        -        - 
Hydrochloric  acid,  - 
Hydriodic  acid,  - 
Hydrohromic  acid,  - 
Hydrocyanic  acid. 
Arseoiurctted  hyarog^n,  - 
Sesquichloride  of  arsenic,  - 
Sesquiodide  of  araenic,    - 
Protochloride  of  mercury,  - 
Bichloride  of  mercury,    - 
Bromide  of  mercury,  - 
Bibromide  of  mercury,    - 
Biniodide  of  mercury, 

Oxvgen,      •        - 
Arsenious  acid. 
Phosphorus,       ... 
Arsenic,  -       .        .       . 
Sulphur,     .        .        .        - 
Hisulphuret  of  mercury,  - 


specific  Gravities. 


Air  as  1. 


0.0689 
0.9727 
2.4700 
0.4215 
8.7020 
6.4017 
0.6201 
1.6009 
2.6817 
0.6593 
0.9808 
0.9727 
1.6239 
1.5239 
2  2117 
2.7629 
1.8167 
1.1782 

1.0376 
6.96S9 
0.6897 
1.2694 
4.3864 
2  7363 
0.9423 
2.7008 
6  3026 
16.6606 
8.1939 
9.4289 
9.6597 
12.3606 
16.6609 

1.1024 
13.6972 

4.3269 
10.3901 

6.6568 

P  a»«8 


Hydrogen  as  1. 


1.00 
14.16 
35.42 

6.13 

126.30 

78.40 

9.00 
23.24 
37.48 

8.12 
14.24 
14.12 
22.12 
23.16 
32.10 
40.10 
26.39 
17.10 

16.76 

101.00 

8.76 

18.21 

63.66 

39.70 

13.96 

39.20 

90.83 

227.16 

118.71 

136.42 

140.20 

179  40 

337.30 

16.00 
198.80 

63.80 
160.80 

96.60 

78.06 
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By  Vol. 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

200 
200 
200 
200 
800 
300 
300 
200 
300 
300 
300 
200 
800 
800 
300 

60 
50 
26 
35 

16.65 
SOO 


By  Weight. 


1. 
14.16 
35.48 

6.18 
185.3 
78.4 

9. 
83.84 
37.48 

8.18 
14.84 
14.18 
82.18 
88.16 
38.1 
40.1 
85.39 
17.1 

30.15 
808. 
17.16 
35.48 
187.3 
79.4 
87.39 
78.4 
181.55 
454.3 
837.48 
878.84 
880.4 
355.8 
454.5 

8. 
99.4 

15.7 

37.7 

15.1 

834J 
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128.  From  the  examioatioo  of  the  table  it  will  be  seen,  Ist,  that    Stct.li. 
the  combining  volumes  are  either  equal,  or  in  the  simple  ratio  of  1  to  Ratio*  of 
2,  1  to  3,  &c.     The  same  simplicity  rarely  exists  among  the  equiva- ^^^"""^ 
lent  weights.    2.  The  specific  gravities  and  weights  of  the  18  first       "^ 
substances  are  seen  to  be  identical.     As  these  have  the  same  uniting  ideDtity  of 
volume  as  hydrogen,  the  assumed  unit,  and  as  the  specific  gravities  specific 
are  merely  the  weights  of  equal  volumes,  the  numbers  in  the  column  ^^^^ 
of  specific  gravities  and  those  in  the  column  of  weights  coincide.  3.  weighu. 
The  identity  in  the  equivalent  volumes  of  the  elementary  gases, 
hydrogen,  nitrogen,  and  chlorine,  le<l  tothe  notion  that  the  equivalent 
volumes  of  most  other  elements  might  also  be  identical.     Assuming  specific 
diat  identity,  the  specific  gravity,  for  example,  of  the  elements  gravitf 
hydrogen,  carbon,  and  sulphur,  in  a  gaseous  state,  may  easily  be  ***<'^^' 
alcalated.    Thus,  taking  1,  6.12,  and  16.1  as  the  equivalents  of 
hydrogen,  carbon,  and  sulphur,  their  specific  gravities  in  the  gaseous 
itate,  supposing  combining  volumes  equal,  will  be  in  the  same  ratio 
^f  1,  6.12  and  16.1.     But  such  hypothetical  numbers  cannot  be 
ilways  confided  in ;   the  real  specific  gravity  of  a  vapour  is,  in 
KMne  cases,  as  much  greater  than  the  hypothetical,  as  its  equivalent 
roluroe  is  less  than  that  of  hydrogen.* 

^  129.  The  tables  supply  materials  for  calculating  the  specific  gra-  9pedfic 
rity  oi  compound  gases,  and  of  verifying  the  accuracy  of  other  con-  ^^^^ 
dnsioni  respecting  their  composition.     The  specific  gravities  ofgisescml- 
atrtain  gases  being  known,  together  with  their  uniting  proportions  col*^- 
>y  volumes,  and  the  resulting  volume,  we  can  easily  aeduce  the 
nreight  of  100  volumes  of  the  compound  gas  that  may  be  formed. 

130.  We  can  assume  the  specific  gravity  as  the  weight  of  100 
roluroes,  or  the  weight  of  100  volumes  as  the  specific  gravity  when 
ht  number  of  volumes  is  100 ;  then  50  volumes  may  be  indicated  by 
me  half,  25  by  a  fourth,  and  16.66  by  a  sixth  of  the  specific  gravity 
>f  100  volumes.  Thus  the  specific  gravity  of  hydrosulphuric  acid 
|:at  will  be  that  of  its  constituents,  viz.  of  100  volumes  of  hydrogen 
|-  ^th  of  100  volumes  of  the  vapour  of  sulphur.t 

131.  As  vapours  are  easily  condensed  by  cold,  and  in  many  cases 
izist  as  such  only  at  high  temperatures,  their  specific  gravities  may 
iften  be  obtained  by  calculation  more  accurately  than  by  experiment. 

132.  The  impracticability  of  contriving  convenient  names  expres- 
live  of  the  constitution  of  chemical  compounds,  suggested  the  em- 
lioyment  of  symbols  as  an  abbreviated  mode  of  denoting  the  compo-  Chemical 
dtion  of  bodies.     The  symbols  contrived  by  Berzelius  are  now^"**^- 
tztensively  used  by  chemists  and  mineralogists.    These  are  also 

adled  chemical  formuUB^  and  it  is  important  that  the  chemical  stu- 
knt  should  not  be  unacquainted  with  them.  The  following  table 
inclades  the  symbols  of  the  elementary  substances  according  to 
Beraelius. 


*The  identity  in  the  eqoiTmlent  Toliimes  of  hydrogen,  nitrogen,  and  chlorine,  tug- 
iHled  the  idea  that  the  atoms  of  all  the  elemeoU  are  of  the  tame  magnitode,  and 
^«i  volnmes  of  the  elements  in  a  gaaeooi  sute  were  supposed  to  contain  an  et^oal 
fmahtst  of  atoms.  The  late  resean^es  of  Dumas  and  Mitscherlich  hare  shown  that 
iMsbaol  tba  feet  t  For  further  examples  tee  Turner^  OWmwffy,  147. 
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TABLB  or  iTMBOU. 


Elemeatf. 


Alominiom 
Antimony  (Stibiiim) 
Arsenic 
Barium   - 
Bitmath 
Boron     - 
Bromine 
Cadmium 
Calcium 
Carbon    - 
Cerium 
Chlorine  • 
Chromium  • 
Cobalt     -       • 
Columbinm  (Tanta- 
lum) 
Copper  (Cuprum) 
Fluorine 
Glucinium 


Sjmb 


Elemenu. 


Al  I  Gold  (Aurum)     • 

Sb  I  Hydrogen 

As  lodbe 

Ba  Iridium  - 

Bi  Iron  (ferrum) 

B  Lead  (Plumbum) 

Br  Lithium 

Cd  Magnesium     - 

Ca  Manganese 

C  Mercury  (Hydrargy- 

Ce  rum) 

Ci  IMolybdenum 

Cr  iNickel    •       . 

Co  |Nitrogen 

Osmium  • 

Tti  |Ozygen 

PaUadium 


Cu 

P 

G 


Phosphorus 
Platinum  • 


Symb. 


Elements. 


An  Potassiam  (Kalium)  K 

H  Rhodium    .       -  R 

I  t^eUniom        •  St 

Ir  Silicium      •       -  81 

Fe  Silter  (Argentnm)  Ag 

Pb  Sodium  (Nalrim)  Ni 

L  Strootiiim    -       -  ft 

Mg  Sulphur  -       -  B 

Mn  Tellurium    -       -  Tt 

Thorium-       -  Th 

Hg  Tin  (Stannnm)  8^ 

Mo  Titanium  Tl 

Ni  Tungsten  (WoUiUA)  W 

N  Uranium     -       -     >  U 

Os  Vanadium      -  V 

O  Yttrium       *       -  T 

Pd  Zinc        -       -  Zi 

P  IZircoBinm    -       -  Zr 
Pt 


flQfnib. 


The  foregoing  symbols  are  intended  to  represent  tbe  ckemkal 
equivalents  of  the  elements.  Thus,  the  letters  H,  I,  and  Ba»  stand 
for  one  equivalent  of  hydrogen,  iodine,  and  barium ;  and  2Ht  WLt 
and  4H,  for  2,  3,  and  4  equivalents  of  hydrogen.  Two  equindents 
of  an  element  are  often  denoted  by  placing  a  dash  through^  or  inave 
commonly  under  its  symbol :  thus,  H  means  2H,  and  P  sigDifiet 

2P.  Certain  compounds  are  often,  for  the  sake  of  brevity,  denoted 
by  single  symbols  in  the  same  manner  as  tbe  elements ;  thus,  an 
equivalent  of  water,  ammonia,  and  cyanogen,  is  sometimes  expressed 
by  Aq,  Am,  and  Cy ;  but  in  general  the  formulsd  for  compound  bo* 
dies  are  so  contrived  as  to  indicate  the  elements  they  contain,  and 
the  mode  in  which  they  are  united.  This  may  be  done  in  aeveral 
ways ;  but  that  which  first  suggests  itself,  is  to  connect  together  the 
symbols  by  the  same  signs  as  are  used  in  Algebra.  Thus  the  for- 
mula K+0.  Ca+0,  Ba+0,  Mn+0,  Fe+0,  2Fe+30,  3H+N, 
2H+2C,  C+20,  N+50,  S+30,and  H-fCl,  denote  single  eauiva- 
lents  of  potassa,  lime,  baryta,  protoxide  of  manganese,  protoxide  of  iron, 
sesquioxide  of  iron,  ammonia,  olefiant  gas,  carbonic  acid,  nitric  acid, 
sulphuric  acid,  and  hydrochloric  acid.  The  formula  K-f-N-f-^^  ^Q^' 
cates  the  elements  which  are  contained  in  an  equivalent  of  nitrate  of 
potassa :  in  order  to  express  further  that  the  potassium  is  combined  with 
only  one  equivalent  of  oxygen,  the  remainmg  oxygen  with  the  nitro- 
gen, and  the  potassa  with  nitric  acid,  the  symbols  are  placed  that,-' 
(K-|-0)+(N-|-50),  the  brackets  containing  the  symbws  of  thoee  ele- 
ments which  are  supposed  to  be  united.  A  number  placed  on  the  oot- 
side  of  a  bracket,  multiplies  the  compound  within  it :  thus  (K-I^O)^ 
(S+30)  is  sulphate  of  potassa,  and  (K+0)+2(S+dO)  is  thebind- 
phate.  All  the  elements  contained  in  a  compound  are  thus  visibly  re* 
presented,  and  the  chemist  is  able  readily  to  trace  all  possible  modet  of 
combination,  and  to  select  that  which  is  most  in  harmony  with  the 
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facts  and  principlea  of  his  science.     He  may,  and  often  does,  thereby    Secu  n. 
detect  relations  which  might  otherwise  have  escaped  notide. 

133.  Another  advantage  attributable  to  such  formulae  is,  that  they  AdfAotan 
facilitate  the  comprehension  of  chemical  changes,     (f  hydrosulphuric  of  formaTaB. 
acid  acts  upon  the  protoxide  of  lead,  it  is  easy  to  say  that  the  sul- 

enr  combines  with  the  lead,  and  the  hydrogen  with  the  oxygen  ; 
t  the  exact  adaptation  of  the  quantities  for  mutual  interchange 
appears  to  be  more  clearly  shown  by  symbols  than  by  a  description 
or  a  diagram.  In  the  simple  instance  alluded  to,  H-|-S  reacts  on 
Pb+0,  and  the  products  are  Pb+S  and  H+O.  When  hydrosul- 
phuric acid  acts  on  bicyanuret  of  mercury,  the  result  is  bisulphuret 
of  mercury  and  hydrocyanic  acid ;  the  substances  which  interchange 
elements  are  2(H-f  S)  and  Hg-4-2Cy ;  and  the  products  are  Hg-f"2S, 
and  2(H-4-Cy).  In  more  complicated  changes  the  advantage  of  che- 
mical formula  is  still  more  manifest,  examples  of  which  kind  will  be 
found  in  other  parts  of  this  volume. 

134.  Useful  as  the  algebraic  chemical  formuls  are  for  the  purpose  of  Abbicvia- 
stndying  chemical  changes,  they  are  sometimes  found  inconveniently  ^> 
bog  where  the  object  is  merely  to  express  the  composition  of  bodies, 

and  accordingly  Berzelius  has  introduced  several  abbreviations.  For 
iiMtance,  he  indicates  degrees  of  oxidation  by  dots  placed  over  the 

symbol,  writing  K,  C,  N,  instead  of  K+0,  C-f 20,  N-f60,  for 
potasaa,  carbonic  acid,  and  nitric  acid.     In  like  manner  he  denotes 

compounds  of  sulphur  by  commas,  writing  k,  Hg,  ti  instead  of  K-{-S, 
Hg-|-2S,  H-|-S,  for  sulphuret  of  potassium,  bisulphuret  of  mercury, 
and  hydrosulphuric  acid.     When  the  ratio  is  that  of  two  to  three 

he  employs  the  symbol  for  two  equivalents  above  stated ;  thus, 

....  0 

Fe,  P,  As  is  used  instead  of  2Fe+30,  2P-f60,  2As+50,  for  an 
equivalent  of  sesquioxide  of  iron,  phosphoric  acid,  and  arsenic  acid  ; 

and  similarly  we  have  As,  As  instead  of  2As-|-3S,  2A8-f-6S  for  the 

sesqaisulphuret  and  persulphuret  of  arsenic.  These  last  formulas 
are  sometimes  used  to  indicate  two  equivalents  instead  of  one  ;  but 
as,  agreeably  to  the  atomic  theory,  the  smallest  [>ossible  molecule  of 
sesqaiozide  of  iron  consists  of  2  atoms  of  iron  and  3  of  oxygen,  the 
formula  2Fe-|-30  ought  to  stand  for  one  equivalent  only. 

Berxelius  often  dispenses  with  the  sign  -|-,  and  writes  combined 
eiemeota  side  by  side,  the  sign  of  addition  being  understood  instead 

ofezprened.    Thus  he  uses  KS,  CaC,  BaN,  KS-f  NiS,  instead  of 

K+S,  Ca-I-C,  Bs+N,  (k+S)+(Ni+S),  for  sulphate  of  potassa, 
ctrbonmte  of  lime,  nitrate  of  baryta,  and  the  double  sulphate  of 
potassa  and  oxide  of  nickel.  Two  or  more  equivalents  of  one  consti- 
tuent of  a  compound  are  denoted  by  numbers  placed  in  the  same 
position  as  the  indices  of  powers  in  algebra:  thus  NIP,  NC*, 

W  IP  is  the  abbreviation  of  N+3H,  N+2C,  2Fe4-3H,  for  ammo- 
ftii,  cyanogen,  and  sesquihyd  .  a  compound  of  2  equiva- 
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Chap.  I.    lents  of  sesauioxide  of  iron  and  3  of  water.    A  number  used  before 
symbols,  litce  coefficients  in  algebra,  multiplies  all  the  following 

symbols  not  separated  from  it  by  a  -{-  sign.   Thus  in  8  Ga  Si'-^^  Sir 
4-16  Aq  (which  is  the  formula  for  the  mineral  called  apophyllite), 

the  8  denotes  8  equivalents  of  Ca  Si',  or  tersilicate  of  lime,  whidi 
are  united  with  1  equivalent  of  sexsilicate  of  potassa,  and  16  of 
water. 
Berzelius  also  expresses  the  vegetable  and  animal  acids  by  the 

first  letter  of  their  name,  with  a  dash  over  it.    Thus  T,  A,  C|  B, 

O,  P,  are  the  symbols  for  tartaric,  acetic,  citric,  benzoic,  gallic^  and 
formic  acids. 

135.  It  was  formerly  thought  that  the  same  elements  united  in 
the  same  ratio  must  always  give  rise  to  the  same  compound  ;  bat 
examples  have  been  discovered  of  two  or  even  more  substances  con- 
taining the  same  elements  in  the  same  ratio,  and  yet  exhibitii^ 
chemical  properties  distinct  from  each  other.  For  such  compounaii 
Berzelius  has  suggested  the  general  appellation  of  itamerit^  froa 
taos  equals  and  ^^^  part^  expressive  of  equality  in  the  ingredieott. 

Isomerism  is  quite  consistent  with  our  theories  of  chemical  onioQ ; 
insomuch  as  the  same  elements  may  be  grouped  or  combined  in  dit 
ferent  ways,  and  give  rise  to  com[>ounds  essentially  distinct* 

Some  bodies  consist  of  the  same  elements  in  the  same  ratio,  and 
yet  differ  in  their  equivalents.  The  nature  of  these  compounds  is  at 
once  detected  by  their  equivalents  being  unlike,  and  by  the  volume 
which  they  occupy  as  gases  compared  with  the  volumes  of  the  de- 
ments of  which  they  consist.  Isomeric  bodies  of  this  kind  are  obvi* 
ously  much  less  intimately  allied  than  those  above  described.    T.  iM. 

136.  The  proof  which  establishes  the  nature  of  chemical  com- 
pounds, is  of  two  kinds,  synthesis  and  analysis*  Synthesis  consists 
in  e&cting  the  chemical  union  of  two  or  more  bodies ;  and  analysis, 
in  separating  them  from  each  other,  and  exhibiting  them  in  a  sepa- 
rate state.  The  com[>osition  of  sulphate  of  copper  (blue  vitriol)  is 
syrUketicaUy  demonstrated  by  uniting  sulphuric  acid  to  oxide  of 
copper.  When  we  have  a  compound  of  two  or  more  ingredientSi 
which  are  themselves  com[>ounded  also,  the  separation  of  the  com- 
pounds from  each  other  may  be  called  the  proximate  analysis  of  the 
i)ody ;  and  the  farther  separation  of  these  compounds  into  their  mort 
sinnple  principles,  its  ultimate  analysis. 

Thus  the  sulphuric  acid  of  the  sulphate  of  copper  consists  of  aot 
phur  and  oxygen,  and  oxide  of  copper  consists  of  copper  and  oxysen ; 
consequently  we  should  say  that  tne  ultinuUe  component  parts  of  bios 
vitriol  are  copper,  sulphur,  and  oxygen. 
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*  Thus  Um  elements  of  sulphate  of  potassa  may  perhaps  be  united  ii 
with  each oCherjU expressea  by  the  formula KSO* ;  or  tfiey  may  fonn  iLU-fCX^ t  or 
KS+0< ;  or  KOH-SO* ;  and  other  combinations  might  be  made.  The  seeoBtf  «i 
these  is  dunbtless  the  real  one ;  but  no  one  can  say  that  the  others  are  impractirsilt 
Again,  the  elements  of  peroxide  of  tin,  So  and  80,  may  either  form  Ba(P,  or  £h(HO| 
and  those  of  the  sesquioxide  of  iron,  2Fe  and  30.  may  either  be  FeSC,  or  FeCH'Fi^ 
not  to  mention  other  possible  combinations*  The  elements  of  alcohol  are  SCifHjMB 
O,  which  may  bs  umted  indiscriminately  as  H*CK),  or  EiCHO,  or  as  1104-W^ 
besides  others ;  it  is  commonly  c  dcrsd  a  c  ^m  of  olefiant  gas  tad  watar,  m 
indicated  by  the  last  fonnola.    1 
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Th«  proximate  analysis  of  sulphate  of  potassa  consists  in  resolving  Sect,  m. 
it  into  potassa  and  sulphuric  acid;   and  its  ultimate  analysis  is 
eilected  by  decomposing  the  potassa  into  potassium  and  oxygen,  and 
\he  sulphuric  acici  into  oxygen  and  sulphur. 

When  the  analysis  of  any  substance  has  been  ^carried  as  far  as 
poniUe,  we  arrive  at  its  most  simple  principles  or  dements ;  by 
irliich  expression  we  are  to  understand,  not  a  body  that  is  htcapaik 
it  further  decomposition,  but  only  one  which  hai  not  yet  been  decomr 

PQSCCt* 


Section  III.    Heat  or  Caloric, 

137.  No  sensations  are  more  familiar  to  us  than  those  of  heat  ^'^^^''^^ 
sad  cold.    They  are  excited  by  bodies  applied  to  our  organs,  and  a^cold!^^ 
difierent  times  very  different  degrees  of  sensation  are  excited  by  the 

nine  body.  The  power  of  inducing  these  sensations  does  not  de- 
pend apon  the  matter  itself,  which  is  applied  to  our  organs  ;  for  ev- 
ery shade  of  sensation  is  produced,  without  the  qualities  of  that 
matter  being  permanently  changed ;  it  is  considered  as  depending 
so  the  operation  of  a  certain  subtle  principle,  present  in  bodies,  and 
irhjch,  according  to  its  quantity*  gives  rise  to  the  power  of  exciting 
iifBenni  sensations. 

138.  This  principle,  or  power,  has  been  distinguished  by  various  Hat  reoeiT- 
appellations,  as  Fire,  Heat,  the  matter  of  Heat,  or  the  Igneous  fluid ;  ^^j^^||^' 
terms  which  are  either  ambiguous,  or  which  involve  some  hypothec 

liSf  and  which  are  superseded  by  the  unexceptionable  appellation  of 
Caloric,     m.  i.  iss.* 

139.  Caloric,  so  far  as  its  chemical  agencies  are  concerned,  mayMijb« 
be  chiefly  considered  under  two  views — as  an  antagonist  to  the  co-  JJ|3Jjf  JJ^ 
hesive  attraction  of  bodies — and  as  concurring  with,  and  increasing  riewt. 
elasticity.     By  removing  the  particles  of  any  solid  to  a  greater  dis> 
tancey  from  each  other,  their  cohesive  attraction  is  diminished ;  and 

one  of  the  principal  impediments  to  their  union  with  other  bodies  is 
overcome.  On  the  other  hand,  caloric  may  be  infused  into  bodies 
in  such  qjuantity,  as  not  only  to  overcome  cohesion,  but  to  place  their 
particles  oeyond  the  sphere  of  chemical  affinity. 

In  manr  cases,  when  two  bodies  are  combined  together,  one  of 
which  is  fixed,  and  the  other  becomes  elastic  by  union  with  caloric, 
ws  are  able*  by  its  interposition  alone,  to  efiect  their  disunion.  Thus 
cafbonale  of  lime  gives  up  its  carbonic  acid  by  the  mere  applica- 
tion of  heat. 

140.  We  may  consider,  then,  all  bodies  in  nature  as  subject  to  TIm  tuta 
the  action  of  two  opposite  forces,  the  mutual  attraction  of  their  par^  Sifl»^d 
tides  on  the  one  hand,  and  the  repulsive  power  of  caloric  on  thebydionc 
Mher ;  and  bodies  exist  in  the  solid,  liquid,  or  elastic  state,  as  one  or 
the  other  of  these  forces  prevails. 

Witor,  by  loting  caloric,  bti  it*  cohetion  to  much  increaied,  that  it  •muidm 
tW  tolki  form  of  ice ;  addioc  caloric,  we  diminiili  again  iti  cohesion,  and  render 
itliid;  aod  finally,  by  a  still  farther  addition  of  caloric,  wm  change  it  into  ra- 


^  Or  we  may  deflae  caloric  as  the  '  enooMaa  of  heat  aad 

are  ascribed.    U.« 
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pour,  and  give  it  so  much  elasticityj  that  it  may  be  rendered  capable  of 

the  strongest  vessels.    In  many  liauids,  the  tendency  to  elasticity  is  even  so 

Seat,  that  they  pass  to  the  gaseous  rorm  by  the  mere  removal  of  the  weicbt  of 
0  atmosphere ;  as  is  the  case  with  ether  in  the  exhausted  receiver  of  um  air 
pump. 

141.  Expansion  is  the  most  obvious  and  familiar  effect  of  caloric 
and  it  takes  place,  though  in  different  degrees,  in  all  forms  of  mat- 
ter. When  a  body  which  occasions  the  sensation  of  heat  on  oar 
organs,  is  brought  into  contact  with  another  body  which  haa  no  snch 
effect,  the  result  of  their  mutual  action  is  that  the  hot  body  contracts, 
and  loses  to  a  certain  extent  its  [>ower  of  communicating  heat,  and 
the  other  body  expands,  and  in  a  degree  acquires  this  power. 

The  expansion  of  solids  may  be  made  apparent  by  heating  a  rod  of  iron, 
of  such  a  lencth  as  to  be  included,  when  cold,  between  two  points,  and 
the  diameter  of  which  is  such,  as  barely  to  allow  it  to  pass  into  -an  iron  ring. 
When  heated,  it  will  have  become  sensibly  larger ;  and  it  will  be  found  ineapa- 
ble  of  passing  through  the  ring. 

142.  This  property  of  metals  has  been  applied  to  the  constmctioii 
of  an  instrument  for  measuring  temperature,  called  a  pyrometer/^ 

143.  The  expansion  of  solids  has  engaged  the  attention  of  aefer- 
il  experimenters,!  and  the  following  results  have  been  obtained  :— 
1.  Different  solids  do  not  expand  to  the  same  degree  from  equal  ad- 
ditions of  heat.  2.  A  body  which  has  been  heated  from  the  tem- 
perature of  freezing  to  that  of  boiling  water,  and  again  allowed  to 
cool  to  32^  F.,  recovers  precisely  the  same  volume. which  it  poaiea 
sed  at  first.  3.  The  dilatation  of  the  more  permanent  or  infasihlt 
solids  is  very  uniform  within  certain  limits  ;  their  expansion,  for  ex- 


re 


*  An  instrument  of  this  kind  is  repre- 
resented  by  fig.  22,  which  will  be  found 
very  convenient  for  showing  the  expansi- 
bilities of  bars  of  different  metals,  at  tem- 
peratures not  exceeding  that  of  boiling 
mter.    Upon  a  flat  piece  of  mahogany 
an  fixed  brsss  studs,  g^  g,  on  which  the 
matallic  bar,//,  isplaoea.    One  end  of         _y^ 
this  bar  bears  against  a  lever  6  at  a  point     ,  *ffnf 
very  near  its  mlcrum;  the  other  end  of  /      i^ 
this  lever,  which  is  bent,  bears  against  "^^T*'^ 

another  leter  c,  the  lower  extremit]^  of  ^  _ 

which  is  an  index,  fieneath  this  index  is  a  graduated  arc  d.  When  we  wish  to  imiMfM 
the  bar  in  hot  water,  or  to  apply  heat  grsduslly  thnnigfa  the  inediam  of  water,  tht 
bar  is  passed  through  the  brass  box  a,  which  has  an  aperture  at  each  end.  An  ona- 
ing  is  left  in  the  board  immediately  under  the  box^  to  allow  the  application  of  a  laa^ 
The  small  expansion  of  the  metaUic  bar  is  magnified  by  the  first  lever  in  the  pi»> 
portion  of  the  distances  of  the  point  of  pressure  from  its  plane,  and  from  its  oite 
extremity ;  and  tUs  magnified  effect  is  again  magnified  by  the  other  lever,  so  tbai  n 
expansion  of  the  400th  part  of  an  inch  corresponds  to  a  whole  inch  on  the  seds. 
This  nynmeter  is  liable  to  the  objection  that  the  distance  of  the  points  of  jiiiMiii 
froBi  toe  fulcrum  and  extremity  of  each  lever  is  variable  during  the  experimtnu  (&f 
PergJUon'B  Led.) 

DanleU*s  pyrometer  is  susceptible  of  ^reat  precision.  lu  indications  resnlt  frsB  a 
diflereaca  in  the  expansion  and  contraction  of  a  platinum  bar,  and  a  tube  oMUe 
lead  warSp  in  which  it  is  contained.  These  differences  are  made  avaUaUa  by  eon* 
uectioff  an  index  with  the  platinum  bar,  which  traverses  A  drculsr  scole  flxea  on  is 
the  tube.  See  a  description  of  this  instrument  in  Tumer't  EianenU  p.  M,  Qwpi. 
Jaur  of  Set.  xi.  309,  and  Philot,  Trant.  1830-1. 

t  The  Philosophical  Transactions  contain  various  dissertations  on  the  sid>jeet  by  & 
lieot,  Smsaton,  Troughton,  and  General  Rov ;  and  M.  Biot,in  his  TraiU  de  Fhyrimu, 
has  given  tka  lasulu  of  experi       a  a        ~ied  with  great  care  by  Lavoisier  and  La* 


ReUaiot  EixpafmbUitUi  of  Liquidt. 

t)!!!  the  freezing  point  of  water  to  122°,  is  equal  to  what  ^ 
ice  betwixt  122°  and  212°.  The  subsequent  researches  of 
uid  Petit,*  prore  that  solids  do  not  dilate  uniformly  at  high 
ures,  but  expand  in  an  increasing  ratio  ;  that  is,  the  higher 
crature  beyond  212°  the  greater  the  expansion  for  equal 
i  of  heat.  It  is  manifest,  indeed,  from  their  experimenU, 
rate  of  expansion  is  an  increasing  one  even  between  32° 
* ;  but  the  differences  which  exist  within  this  small  range 
iconsiderable  as  to  escape  observation,  and,  therefore,  for 
ctical  purposes  may  be  disregarded, 
ubjoined  table  includes  the  most  interesting  results  of  La- 
nd and  Laplace.     (Biot,  vol.  1.  p.  158.) 
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nean  of  three  specimens 
Q,  determined  by  Borda 

The  expansion  of  liquids  is  seen  by  putting  a  common  ^^^ 
leter,  made  with  mercury  or  alcohol,  into  warm  water, 
when  the  dilatation  of  the  liquid  will  be  shown  by 
it  in  the  stem.  The  experiment  is  indeed  illustrative 
iber  facts.  It  proves,  first  that  the  dilatation  increas- 
the  temperature  ;  for  if  the  thermometer  be  plunged 
Bral  portions  of  water  heated  to  different  degrees, 
nt  will  be  greatest  in  the  hottest  water,  and  least  in 
Bst  portions.  It  demonstrates,  secondly,  that  liquids  expapd 
in  solids.  The  glass  bulb  of  the  thermometer  is  itself  ex- 
by  the  hot  water,  and,  therefore,  is  enabled  to  ^contain  more 
'  than  before ;  but  the  mercury  being  dilated  to  a  much 
extent,  not  only  occupies  the  additional  mce  in  the  bulb, 
wise  rises  in  the  stem.  Its  ascent  marks  the  difference  ba- 
1  own  dilatation  and  that  of  the  glass,  and  is  only  tbt  ap- 
lol  the  actual,  expansion  of  the  liquid. 

Liquids  differ  .also  in  their  relative  expansibilities:  ether  isip)|^yg|^. 
pansible  than  spirit  of  wiue,  and  spirit  more  than  water,  and  tir«  txptn- 
tore  than  mercury.    Those  liquids  are  generally  most  ex-  ^.^^'^^ 
which  boil  at  the  lowest  temperature.  *""^ 

^  An.  de.  <      m-  **!. 
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Cbp.  L  Thii  mij  be  rendered  cridint  b^pirtiall^  Sllinf  •aTuil  glH«  tobM  af  aqwl 
diuneUn,  rumiihed  with  bolbi,  with  the  dtffereot  liquid*,  and  pUemi  tbiB  ■ 
hot  water;  m  the  liquidseipuid.  thej  will  riie  to  diBnwit  beignii  in  tM  tr*" 
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,.  146.  From  the  frequency  with  which  mercury  is  employod  iapki- 
losophical  experimenu,  it  is  importaot  lo  know  the  exact  uaatmi  tl 
it>  expansion.  Tbis  subject  has  been  investigaled  by  uranl. phi- 
losophers, but  the  expeiimenls  of  Lavoisier  and  Laplace,  and  «pe- 
cially  of  Dulotig  and  Petit,  are  entitled  to  the  greatest  cooSimm. 
According  to  the  former,  ibe  actual  dilatation  of  mercury,  in  po- 
sing from  ibe  freezing  to  the  boiling  point  of  water,  unomti  k) 
^^  of  its  volume;  but  the  result  obtained  by  Dulong  and.  Filit, 
who  found  it,^^'),  is  probably  still  nearer  the  truth.  AdcniiiB 
the  Inst  estimate,  tbis  metal  dilates,  for  every  degree  of  FBhreabekl 
thermometer,  ^„  of  the  bulk  which  It  occupied  at  the  tempenton 
of  32°.  If  the  barometer,  fur  instance,  sUnd  at  30  inches  wbaa  ibt 
thermometer  is  at  33°,  we  mny  calculate  wbat  its  elevation  oug^tto 
be  .when  tbe  latter  is  ai  60°,  or  at  any  other  temperature.  Tha  i^ 
parent  expansion  of  mertu^  cootamed  in  glsjB  is  of  coUM  Imi 
than  the  absolute  expansion.* 
^  147.  All  expcriraentera  agree  that  liquids  expand  in  an  Inewiing  I 
i.  ratio,  or  that  equal  incrementa  of  heat  cause  a  creaLer  dilatation  U 
high  than  at  tow  temperatures.  Thus,  if  a  fluid  is  heated  fron3S* 
to  192°,  it  will  not  expand  so  much  as  it  would  do  in  being  haalad 
from  1S3°  to  213°,  though  an  equal  number  of  degrees  is  addad  ii 
both  cases.  The  nearer  a  liquid  approaches  its  boiling  point,  tbi 
greater  is  its  expansibility;  hence  tbose  liquids  appear  most  cQubij 
expansible  which  have  the  hiiihesl  boiling  points,  and  hence  one  of 
the  great  advantages  of  mercury  in  constructing  thermometer!. 

*  BbIwmd  thf  limiti  of  as°  and  tlSo  F.  Lavoiuei  aod  Laplan  aatigMi*  lbs  sffSiBt 
*ip«Daino  It  ^  aod  Doloig  and  Vvtil  at  Aj  of  in  Tolnaa,  heiaf  ttWt  ft*  "^ 
degree  o[  Fahrnheil'a  ihanaoiDelei.  DDlnig  aod  Petit  alau^  Uliit  Mi  M" 
tolal  eipution  of  nwrcorr  from  M"  Id  m°  P.  for  each  degnt  is  tAt;  ■a'  ^ 
the  mtaii  avparent  eipannno  in  gliM  from  31° to  BTt° F.  for eadi dagne ii  njn 
The  lempentnre  in  Itictr  eiptrimcou  v»  eetimaled  b;  an  air  IheimoaMlcr,  wW* 
ther  coniiiler  mon  ooironn  in  iu  rale  of  eipaaaion  Ihaa  OM  of  meccnrv.  Tlis  "*; 
paratnce  of  tn"  F.  oa  the  air  llwniiogMUr  eoneqioDda  la  116°  ia  Oi  ■■€■*■ 


Dilatation  of  JHr. 
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148.  The  expansion  of  mir  may  be  shown  by  invertiDg  a  tube 
terminated  hj  n  bulb,  and  partly  filled  with  water  (Fig.  26) ;  the 
air  confined  m  the  bulb  will  expand  when  heated,  and  expel  the 
water  from  the  tube. 


III. 


Flf.SO. 


Fig.S7. 


149.  As  heat  increases  the  bulk  of  all  bodies,  it  is  obvious  that 
change  of  temperature  is  constantly  producing  changes  in  their  den- 
sity or  specific  gravity,  as  may  be  easily  demonstrated  in  fluids  where 
Uiere  h  freedom  of  motion  among  the  particles.  If  we  apply  heat  to 
the  bottom  of  a  vessel  of  water,  that  portion  of  the  fluid,  which  is 
neacett  to  the  source  of  heat,  is  expanded,  and  becoming  specifically 
lighter,  ascends,  and  is  replaced  by  a  colder  portion  from  above. 
Thia,  in  its  turn,  becomes  heated  and  dilated,  and  gives  way  to  a 
second  colder  portion  ;  and  thus  the  process  goes  on,  as  long  as  the 
fluid  is  capable  of  imbibing  heat,     (r  ig.  27.) 

Fig.SS. 

150.  In  air,  similar  currents  are  continually  pro- 
duced, and  the  vibratory  motion  observed  over  chim- 
ney pots,  and  slated  roofs  which  have  been  heated 
by  tne  son,  depends  upon  this  circumstance :  the 
warm  air  rises,  and  its  refracting  power  being  less 
than  that  of  the  circumambient  colder  air,  the  cur- 
rents are  rendered  visible  by  the  distortion  of  objects 
viewed  through  them.  This  is  easily  illustrated  by 
placing  a  spiral  of  pasteboard  upon  a  wire  over  an 
Axsnnd  lamp,  or  at  the  side  of  a  stove  pipe.^ 

The  ventilation  of  rooms  and  buildings  can 
only  be  perfectly  efTected  by  suffering  the  heated  and 
feuiair  to  pass  off  through  apertures  in  the  ceiling* 
while  fresh  air,  of  any  desired  temperature,  is  ad- 
mitted from  below.t 

161.  As  the  particles  of  air  and  aeriform  substances  are  not  held 
together  by  cohesion,  they  are  found  to  dilate  from  equal  additions 
of  heat  much  more  than  solids  or  liquids.  Now,  chemists  are  in  the 
habit  of  estimating  the  quantity  of  the  gases  employed  in  their  expe- 
rioitnts  by  measuring  them  ;  and  since  the  volume  occupied  by  any 

*AdvtBttg>e  if  taken  of  this  in  bcmting  apartmentt  hy  furnaces  placed  in  cellars. 
OtH  air  being  brou^t  in  contact  with  the  surface  of  heated  metal,  and  allowed  to  as- 
cnd  tkmngh  pipes  into  the  apartments. 

tTarioas  contriTanoes  have  heen  resorted  to,  to  prevent  the  passaee  of  cold  air 
froBi  ahova  downwards  tbroush  the  ventilator,  which  can  only  be  com|Hetel]r  eflected 
^  keeping  the  ventilating  tuoet  at  a  bipHpr  t«>mn(>niture  than  the  surrounding  air ; 
k^Dgthem,  for  instance,  by  steam :  trough  a  fire ;  or  placing  a  lamp 

IxacaUk  tbem,  of  snfBcia&t  dimantlo  lurrent  upwanu. 
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Ventilation. 
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Caloric. 


oh^p  ^  gas  is  80  much  influenced  by  temperature,  it  is  essential  to  accuracy 
that  a  due  correction  be  made  for  the  variations  arising  from  thtf 
cause ;  that  they  should  know  how  much  dilatation  is  produced 
by  each  degree  of  the  thermometer,  whether  the  rate  of  expansion  is 
uniform  at  all  temperatures,  and  whether  that  ratio  is  the  same  in  all 
gases. 

152.  All  gases  undergo  equal  expansions  by  tlie  same  addition  of 
heat,  supposing  them  placed  under  the  same  circumstances  ;  so  that  it 
is  sufficient  to  ascertain  the  law  of  expansion  observed  by  any  one 
gas,  in  order  to  know  the  law  for  all.^ 
PecuJiaref-  153.  There  is  a  peculiarity  in  the  effect  of  heat  upon  the  bulk  of 
feet  of  heat  gQi^g  fluids,  namely,  that  at  a  certain  temperature,  increase  of  heat 
causes  them  to  contract,  and  its  diminution  makes  them  expand. 
This  singular  exception  is  only  observable  in  those  liquids  which  ac- 
quire an  increase  of  bulk  in  passing  from  the  liquid  to  the  solid 
state,  and  is  remarked  only  within  a  few  degrees  of  teropehlture 
above  their  point  of  congelation.  Water  is  a  noted  example  of  it 
Ice  swims  upon  the  surface  of  water,  and^  therefore,  mutt  be 
lighter  than  it,  which  is  a  convincing  proof  that  water,  at  the  mo- 
ment of  freezing,  must  expand.  The  increase  is  estimated  by  Boyle 
at  about  |-th  of  its  volume,  which  gives  900  as  the  specific  graTity 


'^It  appears  from  the  experiments  of  Gay  Lnssac,  that  100  parts  of  air,  in  bdng 
ed  from  32°  to  212°  F.,  expand  to  137.6  parts.    The  increase  for  180  degnesis, 

therefore,  0.375  or  ^^r^ths  of  its  bulk :  and  by  dividing  this  number  by  180,  it  is  Homi 

that  a  ffiven  quantity  of  dry  air  dilates  to  i4vtb  of  the  volume  it  occupied  a|83^,  fat 
evenr  degree  of  Fa  hrenheit'a  thermometer. 

This  point  being  established,  it  is  easy  to  ascertain  what  volume  any  given  oasBtiiy 
of  gas  snould  occupy  at  any  given  temperature.  Suppose  a  certain  portion  of  gas  !• 
occupy  20  measures  of  a  graduated  tntw  at  32°,  it  may  be  desirable  to  detennine  what 

would  be  iu  bulk  at  42°.  For  every  de^rM  of  heat  it  has  increased  br  i'i<rtli  of  its 
original  volume,  and,  therefore,  since  vTa>  increase  amounts  to  ten  degreta,  tJba fO 

measures  will  have  dilated  by  i^Virths.  The  expression  will,  therefore,  be  20+80X1^^ 
=20.416.  It  must  not  be  forgotten  that  the  volume  which  the  gas  occbptet  at  3f*  is 
a  necessary  element  in  all  such  calculations.  Thus,  having  20.416  measorsa  ef 
gas  at  42°,  the  corresponding  bulk  for  C2°  cannot  be  calculated  by  the  IbfBak 

20.4I6-|-20.416{V(J;    the  real  expression  is  20+20.4161^11%,  becanM  the  imenm 

>•  onl]^  i^'^ths  of  the  space  occupied  at  32^,  which  i«  20  measures.'* 
A  similar  remark  applies  to  the  formula  for  estimating  the  effect  of  heat  on  tha  MfU 

of  the  barometer. 
The  rate  of  expansion  of  atmospheric  air  at  temperatures  exceeding  212^  hat  beta 

examined  by  Dulong  and  Petit,  and  the  following  table  contains  the  resolt  of  their  ob- 

aervatioos.    {An.  deCh.etde  Ph.  vii.  120.) 


Temperature  by  the  Mercurial 
Thermometer. 

Corresponding 
Tolumeeof  a 
giTen  volume 
of  air. 

Fahrenheit. 

Centigrade. 

—  33 
32 
212 
302 
392 
482 
672 
Mercury  boils  680 

—  36 
0 
100 
160 
200 
260 
300 
360 

0.8660 
1.0000 
1.3760 
1.6576 
1.7389 
1.8189 
2.0976 
2.3126 
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of  ice,  that  of  water  being  1000.*    Dalton  estimates  the  specific  gra*    »•<*  M. 

▼tty  of  ice  at  9.42.     Water  has  attained  its  maximum  of  density  at  Wat«r,  iu 

about  30^t,  and  if  it  be  cooled  below  39^  it  expands  as  the  tempera-  niaxtmnm 

ture  diminishes,  as  it  does  when  heated  above  that  poinL  ^"*'  ^' 

Immene  two  tbennometer  tubes,  one  containing  ■piritt  of  wine  and  the  other  Exp. 
water,  into  melting  ynow  ;  the  fonner  will  nnk  till  it  indicate!  32°  F.,  but  the 
latlar,  when  it  haa  nearly  attained  39^  F.,  will  besin  to  expand,  and  continue  to 
do  eo  till  it  freezes.  Or,  fill  a  flask  capable  of  holding  three  or  four  ounces,  with 
water  at  thei  temperaturio  cf&P  F.  ana  adapt  a  cork  to  it,  through  which  passes  a 
glass  tube  open  at  both  ends,  aboat  the  eighth  of  an  inch  wide,  and  ten  inches 
Emi|.  After  hayinc  filled  the  flask,  ipsert  the  cork  and  tube,  and  pour  a  little  wa- 
ter tDto  tlie  latter  till  the  liquid  rises  to  the  middle  of  it.  Qn  immersing  the  flask 
IB  a  miitore  of  pounded  ice  and  ealt,  the  water  will  fall  in  the  tube,  marking  con- 
traction ;  but  in  a  short  time  an  opposite  motement  will  be  perceived,  indicating 
that  eipansion  is  taking  place,  while  the  water  within  the  flask  is  at  the  same 
tioM  yielding  caloric  to  the  freezing  mixture  on  the  outside  of  it. 

This  anomaly  in  respect  to  water  is  productive  of  very  important  ^  "JSj^ 
consequences,  in  preserving  the  depths  of  rivers  and  lakes  of  a  tem«>uithis 
peratnre  congenial  to  their  inhabitants.  anomaly. 

154.  The  most  remarkable  circumstance  attending  this  expansion,  pn^^* 
is  the  prodigious  force  with  which  it  is  effected.  Boyle  filled  a  brass  ^'^  ^' 
lobe,  three  inches  in  diameter,  with  water,  and  confined  it  by  iTleans 
of  a  moveable  plug ;  the  expansion,  when  it  froze,  took  place  with 
such  violence  as  to  push  out  the  plug,  though  preserved  in  its  situa* 
lion  by  a  weight  equal  to  74  pounds.  The  Florentine  Academicians 
burst  a  hollow  brass  globe,  whose  cavity  was  only  an  inch  in  diamer 
ter,  by  freezing  the  water  with  which  it  was  filled ;  and  it  haf  been 
estimated  that  the  expansive  power  necessary  to  produce  such  an 
efiect  was  equal  to  a  pressure  of  27,720  pounds  weight.  Major 
Williams  gave  ample  confirmation  of  the  same  fact  by  some  experi* 
ments  which  he  performed  at  Quebec  in  the  years  1784  and  1785.t 
Glass  bottles,  lead  and  iron  pipes,  ^Icc,  in  which  water  freezes,  are 
often  ruptured. 

165.  Water  is  not  the  only  liquid  which  exprnnds  under  reduction  Other 
of  temperature,  as  the  same  efiect  has  been  observed  in  a  few  others  ^^*'^* 
which  assume  a  highly  crystalline  structure  on  becoming  solid  : — 
fased  iron,  antimony,  zinc,  and  bismuth  are  examples  of  iL     Mer- 
cary  is  a  remarkable  instance  of  the*  reverse ;  for  when  it  freezes,  it 
sufllers  a  very  great  contraction  (31  note.) 

156.  The  cause  of  the  expansion  of  water  at  the  moment  of  freez-  Caase, 
log  is  attributed  to  a  new  and  peculiar  arrangement  of  its  particles. 

Ice  is  in  reality  crystallized  water,  and  during  its  formation  the  par- 
ticles arrange  themselves  in  ranks  and  lines,  which  cross  each  other 
at  angles  of  60^  and  120^,  and  consequently  occupy  more  space  than 
when  liquid.  This  may  be  seen  by  examining  the  surface  of  water 
while  freezing  in  a  saucer.  No  very  satisfactory  reason  can  be  as- 
signed for  the  expansion  which  takes  place  previous  to  congelation. 

157.  The  state  of  a  body  with  respect  to  its  power  of  producing  Tempera- 
ihe  effects  which  arise  from  the  operation  of  caloric,  is  termed  its  ^^^ 

^Experiments  on  Cold* 

t  Halistrom  An.  de  Chim.  et  Phif$,  xzriii,  90,  whose  experiments  were  made  with 
|itat  care.  Acoordmg  to  the  more  recent  experiments  of  Stampfer  38.76  and  to  those 
^CrichtoD  38-97.    Johnston'e  Report  in  Ist  Keport  of  the  Bruiih  AtBoeiation- 

tPhil,  Tram.  Ed.  u,2Z. 
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Chip.!,    temperature.    In  every  body  the  temperature  depends  on  the  qoan* 
tity  of  caloric  which  it  contains,  and  the  temperature  is  said  to  be 
high  or  low  as  it  respects  another  body,  in  proportion  a«  it  occatioiis 
an  expansion  or  contraction  of  its  parts. 
bnperfecUy     158.  The  temperature  of  bodies  can  be  but  imperfectly  estimaled 
llomMnsa- ^J  ^^®  sensation  of  heat  or  cold  they  produce,  the  sensation  beiof 
tioD.  modified  by  preceding  impressions  upon  the  sentient  organ  and  oi\m 

external  circumstances.  Hence  the  necessity  of  some  common 
measure  of  temperature,  as  by  means  of  the  Thermmneter* 
Principle  ^^'  l^be  principle  on  which  the  thermometer  indicates  ttetavm* 
on  which  ture,  is,  that  caloric  has  a  tendency  always  to  preserve  aii  eauuibii* 
mora^ter  ^"" '  ^^  ^^^  ^^  ^^^  bodies  at  different  temperatures,  be  brougm  into 
indicates  contact,  it  will  pass  from  the  one  at  the  higher  into  that  at  the  lowor 
tempera-  temperature,  until  the  temperature  of  both  is  the  same.  TIhib,  if 
^*^*  we  mix  equal  quantities  of  the  same  fluid  at  different  temperahires, 

the  ^old  portion  will  expand  as  much  as  the  hot  'portion  contraetSi 
and  the  resulting  temperature  is  the  mean  ;  so  that  it  appearSi  thai 
as  much  heat  as  is  lost  by  the  one  portion  is  gained  by  the  ot|^. 
Thennom.      160.  A  common  thermometer  consists  of  a  tube  terminated  at  one 
«ter.  311^  ^y  Q  l,^]^^  Qiij  hermetically  closed  at  the  other.    The  bulb  atti 

part  of  the  tube  are  filled  with  an  appropriate  liquid,  which  when 
designed  to  measure  very  low  temperatures,  is  spirit  of  wine; 
under  other  circumstances  quicksilver  is  better  adapted  for  the 
purpose.^  A  graduated  scalet  is  attached  to  the  stem;  and 
whenever  the  instrument  is  applied  to  bodies  of  a  higher  tempera* 
ture,  the  mercury  or  spirit  expands  and  rises  in  the  tube. 
Gredua-  161.  In  dividing  the  scale  of  a  thermometer,  the  two  fixed  points 

tion.  usually  resorted  to  are  the  freezing  and  boiling  of  water,  which  al* 

ways  take  place  at  the  saijie  temperature,  when  under  the  same  a^ 
mospheric  pressure.  The  intermediate  part  of  the  scale  is  divided 
into  any  convenient  number  of  degrees ;  and  it  is  obviooa.  that 
all  thermometera  thus  constructed  will  indicate  the  same  degree 
of  heat  when  exposed  to  the  same  temperature.  In  tiio  centigrade 
thermometer,  this  space  is  divided  into  100^  ;  the  freezing  of  water 
being  marked  0°,  the  boiling  point  100^.  In  this  country  we  use 
Fahrenheit's  scale  of  which  the  0^  is  placed  at  3S°  below  the  freez- 
ing of  water,  which,  therefore,  is  marked  32^,  and  the  boiling  point 
212^,  the  intermediate  space  being  divided  into  180^.  Another  scale 
is  Reaumur's  ;  the  freezing  point  is  0^,  the  boiling  point  80^.  These 
are  the  principal  thermometera  used  in  Europe  and  this  couiitry.t 


Fif.flL 


*  QnickiilTer  will  indicate  W(fi  P.  but  freezes  at  — 390. 

t  A«  the  ehemitt  will  often  have  oocation  to  employ  the  thermometer  for  ■■- 
certaioinff  the  temperatore  of  eorroeiTe  ti^uids,  the  sraduated  scale  ahoald 
he  prorioed  with  a  hinge,  so  as  to  doable  back,  andfleaTe  the  bnlb exposed, 
as  shown  in  Fig.  99. 

X  For  the  method  of  ooostmctinff  thermometers  see  Faraday'a  Afoii^pic- 
laUon^  and  for  those  of  great  sensibuity,  Quorl.  Jour,  qf  Sd*  tu.  p.  1S3. 


ThervumUert. 
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109.  Each  depee  of  Fahrenheit's  tcule  is  equal  to  fths  of  a  degree   8>ct' 
I  Eeaumur's  t  if,  therefore,  the  number  of  degrees  on  Fahrenheit's  Rules ... 
ale  above  or  below  the  freezing  of  water  be  multiplied  by  4  ^od^^P^'jJI^ 
▼ided  by  9,  the  quotient  will  be   the  corresponding  degree  of  ry  ther- 
eaumur.  momettn. 

PhkrenkeiL  Reaumur. 

W^^n^^  3eX4sl44-f>9=:l6<> 
ai9<>— 38(^180X4=7904-Os80<^ 

163.  ML  Bellain  has  observed  that  mercurial  thermometers  slowly  Change  of 
MD^  their  point  of  zero,  which  uniformly  becomes  higher  than  at'®'^- 

e  time  of  graduation.  This  phenomenon  appears  owing  to  a  di« 
inished  capacity  of  the  bulb  due  to  the  atmosphere  continually 
Ysssin?  on  its  exterior,  while  a  vacuum  exists  in  the  interior  of  the 
ibe ;  tor  it  has  not  been  noticed  either  in  mercurial  thermometers 
hich  are  unsealed,  or  in  thermometers  made  with  alcohol.  The 
iocipal  contraction  ensues  soon  after  the  tube  is  sealed,  and  hence 
ime  months  should  be  permitted  to  elapse  between  the  sealing  and 
imdoation  of  a  thermometer.t 

164.  Air   is  sometimes  resorted  to  as  indicating  very   small  Air  tber- 
laiiges  of  temperature.      The    instrument    employed  by  Sane- °***"***"* 
TiOi  to  whom  the    invention   of   the    thermometer  is  generally 
icribed,  was  of  a  very  simple  kind,  and  measured  variations 

'  temperature  by  the  variable  expansion  of  a  confined  portion 

*  To  reduce  the  degreet  of  Reaumur  to  thoff  of  Fahrenheit,  they  are  to  be  multi- 
icd  by  9,  and  dividM  by  4. 

Keaumur,  F\ihrenfmt, 

ieox9^144-+^=  36<M-320=  68 
80*X  9=s720-*-4=l80*r32O=2ia 

Every  degree  of  F^renheit's  it  equal  to  ftbi  of  a  degree  on  the  centigrade  scale ; 

•  ledoction  thcrafore  it  as  foUowa : 

Pahrenhai.  Centigrade. 

813— S23:=180X6=900'f-«=100O 

Centigrade.  Fahrenheit. 

lOOX  9=900-4-6=18O+32=3l2<> 
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Chkp,h  of  air.  This  instrument  is  represented  in  the  margin.  It  consists 
of  a  glass  tube,  eighteen  inches  long,  open  at  one  end,  and  n^ 
blown  into  a  ball  at  the  other.  If  a  warm  hand  be  applied 
to  the  ball,  the  included  air  will  expand,  and  a  portion  be  ex- 
pelled through  the  open  end  of  the  tube.  And  if  in  this  state 
the  aperture  is  quickly  immersed  in  a  cup  filled  with  some 
coloured  liquid,  it  will  ascend  in  the  tube,  as  the  air  in  the  ball 
contracts  by  cooling ;  and  its  altitude  will  in  every  cose  depend 
upon  the  degree  of  expansion  which  the  air  has  proTiouslv 
undergone.  In  this  manner  it  is  prepared  for  use,  and  will 
indicate  increase  of  temperature  by  the  descent  of  its  fluid, 
and  vice  versa.  These  effects  n)ay  be  exhibited,  alternately 
by  applying  the  hand  to  the  ball,  and  then  blowing  on  it  with  a  pair 
of  bellows.  The  amount  of  the  expansion  or  contraction  i$  measiu- 
ed  by  a  graduated  scale  attached  to  the  st^m  of  the  instrument 
Adranu-  165.  The  advantages  of  the  Air  Thermometer  consist  in  the  grei( 
***  ^ '  amount  of  the  expansion  of  air,  when  compared  with  that  of  any 
liquid ;  by  which  it  is  enabled  to  detect  minute  changes  of  tempefir 
ture,  which  the  mercurial  thermometer  would  scarcely  discover ;  for 
air  is  increased  in  volume  by  a  given  elevation  of  temperature,  aboat 
twenty  times  more  than  quicksilver.  The  advantages,  howe?er, 
which  attend  this  excessive  delicacy  arp  counterbalanced  by  seTe^ 
al  serious  objections.  It  will  be  readily  $een,  for  instance,  that  the 
air  thermometer  will  not  only  be  affected  by  changes  of  temperatiire» 
but  by  variations  of  atmospheric  pressure. 

Leslie's.  166.  Leslie,  under  the  name  of  the  Di^ertf?«^wzZ  TAff-    Q         Q 

mometer^  employed  a  modification  of  the  air  thermome-   \  t  ^ 

ter  invented  by  Sturmius.*  It  consists  of  two  glass-  | 
tubes  of  unequal  length,  each  terminating  in  a  hollow 
ball,  as  represented  in  Fig.  31,  which  are  united  by  a 
bent  tube  containing  coloured  sulphuric  acid.  When- 
ever a  hot  body  approaches  one  of  the  bulbs,  it  roust  ne-  n  ^  / 
essarily  drive  the  fluid  towards  the  other.  It  is  evident  ^^^— ^ 
then  that  this  instrument  cannot  be  employed  to  measure  J  ^. 
variations  in  the  temperature  of  the  surrounding  atmos-  '*^  >^ 
phere,  because,  as  long  as  both  balls  arc  of  the  same  tomperaturei 
whatever  this  may  be,  the  air  contained  in  both  will  have -the  same 
elasticity,  and  consequently,  the  included  coloured  liquor,  being 
pressed  equally  in  opposite  directions,  must  remain  italiona- 
ry.  If,  however,  any  change  of  temperature  is  eflected  y\g,u 
in  one  of  the  balls,  the  instrument  will  immediately  indi- 
cate this  differeTice  with  the  greatest  nicety.  The  amount 
of  this  effect  is  ascertained  by  a  graduated  scale,  the  in- 
terval between  freezing  and  boiling  being  divided  into 
100  equal  degrees.  This  thermometer  is  peculiarly 
adapted  to  ascertain  the  difference  of  the  temperatures  of 
two  contiguous  spots  in  the  same  atmosphere. 

Howtrd't.       A  diflerential  thermometer  has  been  contrived  by  How- 
ard resembling  the  above  in  its  general  form,  (Fig.  32)  but  in 

*  See  a  descriptioD  and  •ketch  in  hit  CoUegiam  Curumim^  p.  64  ;  pnhlif  bed  in  ir< 
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rhich  the  degree  of  heat  is  measured  by  ihe  expansive  force  of  Sccuin. 
He  vapour  of  ether,  or  spirit  of  wine,  in  v€umo.*  It  is  intended 
>  be  applied  to  the  same  purposes  as  that  of  Leslie,  but  is  more 
ensible  to  changes  of  temperature,  and  the  movement  of  the 
uid  follows  instantaneously  the  application  of  the  heating  cause^ 
.'hereas  in  the  air  thermometer  some  time  is  required  before  the 
fleet  takes  place. 

167.  Diflerent  methods  have  been  recommended  for  ascertaining  Self-i«gi8- 
be  highest  or  lowest  temperature  that  may  occur  during  any  parti-  tering  iher* 
ular  period,  as  during  the  night,  when  there  is  no  one  present  to  oh-  "**"* 
erve  it.     The  simplest  contrivance  of  this  kind  is  the  following : 

It  consuta  of  two  thcrmumoters  (Fig.  33>,  a  spirit  of  wine  and  a  mercurial  one, 
be  flbrmer  for  ascertainins  the  lowest,  tiie 
liter  the  highest  heat    in  the  tube  of  the  P't  33. 

jfincr  is  placed  a  suiall  piece  of  white  ena-  '/^) 

ael,  which,  as  the  fluid  contracts,  is  brought 
loiiig  with  it,  but  on  its  again  expanding  doi*s 
oC  take  it  with  it ;  it  leaves  it  at  the  place  to 
rhich  it  had  carried  it,  and  thus  the  lowest 
cmpcrature  that  hod   happened   is  pointed 

tot.  In  the  tube  of  the  fatter  is  placed  a  small  piece  of  a  needle,  so  as  just  to 
est  on  the  mrrcury.  As  tlie  fluid  expands,  it  pushes  tlie  needle  before  it  and 
o  a^D  contracting,  it  leaves  it  at  tliat  part  to  which  it  liad  carried  it,  so  that 
Q  this  way  the  highest  temperature  is  ascertaiiR'd.  These  thermometers  are 
Ixcd  on  a  boan),  with  tlie  balls  at  optKwite  sides,  the  mercurial  one  horizontally, 
he  one  with  spirit  of  wine  with  the  ball  inclined  downwards,  so  thut,  when  we  wish 
e  ael  them,  by  raising  the  side  next  the  spirit  ball,  the  enamel  and  needle  will 
tNBC  to  the  surfaces  of  the  fluids. 

£hx*s  thermometer  (Fig.  34),  has  the  bulb  in  the  forni  of  a  long  cylin- 
ler,  the  tube  is  bent  down  parallel  with  the  cylinder  and  passing  under 
t,  risfs  in  aparnllcl  direction  to  the  top  on  the  other  side;  the  bulb  is 
■Dally  fillcQ  with  spirits  of  wine,  which  is  in  contact  with  a  pfvrtion  of 
Bcrcury  ocxupying  the  lower  part  of  the  tube,  and  the  mercury  is  suc- 
."cedcd  by  a  second  portion  of  spirit.  The  mercury  carries  an  index 
ipon  each  of  its  surfaces ;  when  the  fluid  in  the  cylinder  contracts  by 
rold,  the  index  on  the  left  side  will  bo  presKod  upwards,  as  long  as  the 
brat  decreases,  and  will  be  retained  at  its'  greatest  height  by  a  weak 
ppring.  When  the  fluid  in  the  cylinder  cximnds  by  heat,  it  must  press 
upon  the  surface  of  the  mercury 'in  the  left  side  of  the  tube,  forcing  it 
to  riae  higher  in  the  right  side  :  as  long  as  the  heat  continues  to  increase, 
the  index  will  rise  on  the  surface  of  the  mercury  in  the  right  side  of  the 
lube,  and  will  be  retained  at  the  greatest  height  hy  its  spring  :  it  must  be 
obTious,  liierefore,  that  the  index  on  the  side  opposite  the  lef\  hand  will 
indicate  the  greatest  degree  of  cold,  in  any  given  time,  and  the  one  on 
the  right,  the  greatest  degree  of  heat.  The  indexes  being  of  iron  or  steel, 
may  be  brought  back  to  their  places  by  a  magnet,  applied  to  the  outside  of 
the  lube. 


168.  though  the  thermometer  is  a  most  valuable  instrument,  the  Amount  of 
sum  of  information  which  it  conveys  is  very  small.     It  only  indicates  jnfo"n"*»o» 
that  condition  of  bodies  in  which  they  affect  the  senses  with  an  im-  mometer. 
pression  of  heat  or  cold,  and  which  is  expressed  by  the  word  tefnper* 
Qture.    It  does  indeed  point  out  a  difference  in  the  temperature  of 
two  or  more  substances  with  great  nicety  ;  but  it  does  not  indicate 
how  much  heat  any  body  contains.     We  learn  by  it  whether  the 
temperature  of  one  body  is  greater  or  less  than  that  of  another ;  and 
if  there  is  a  difference,  it  is  expressed  numerically,  namely,  by  the 
degrees  of  an  arbitrary  scale,  selected  for  convenience,  without  any 
reference  whatever  to  the  actual  quantity  of  heat  present  in  bodies. 


*  Dirsctiona  for  conalfoctiog  it  are  given  in  tha  8th  vol.  of  the  Quoit.  Jour,  qf  Sd. 
P  2if 
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Chap.  I.       169.  The  relative  quantities  of  heat  which  different  bodies  in  the 
Specific  ca-  same  state  require  to  raise  them  to  the  same  thermometric  tempera- 
loric.         ture,  is  called  their  specific  heat,  and  those  bodies  which  require 
most  heat  are  said  to  have  the  greatest  capacity  for  heat.     That  the 
quantity  of  heat  in  different  bodies  of  the  same  temperature  is  dif- 
ferent, was  first  shown  by  Black,  in  1769. 
£xB.  Mix  toffcther  equal  quantitiea  of  water,  one  portion  being  at  10(P  and  tha  otfatr 

at  50^,  the  temperature  of  the  mixture  will  be  the  arithmetical  mean  or  78^ ; 
that  ifl,  the  25  degrees  lost  by  the  wann  water  will  exactly  lufiice  to  heat  the  oold 
water  by  the  same  number  of  degrees. 

It  is  hence  inferred,  that  equal  weights  or  measures  of  water  of 
the  same  temperature  contain  equal  quantities  of  heat;  and  the  same 
is  found  to  be  true  of  other  bodies.  But  if  equal  weifi^hts  or  eqoal 
bulks  of  different  substances  are  employed,  the  result  will  be  diflerenL 

Sxp.  Thus,  if  a  pint  of  mercury  at  ICMP  be  mixed  with  a  pint  of  water  at  4(F,  the 

mixture  will  nave  a  temperature  of  6(F,  so  that  the  4U  degrees  lost  by  thn  Ai^ 
ra^r,  heated  the  latter  by  20  degrees  only  ;  and  when,  reversing  the  ezMrioMili 
tha  water  is  at  iO(P  and  the  mercury  at  4(F,  the  mixture  will^  at  80°,  the  90 
degrees  lost  by  the  former  causing  a  rise  of  40  in  the  latter. 

The  fact  is  still  more  strikingly  displayed  by  substituting  equal 
weights  for  measures. 
Different         ^^^'  It  appears  that  the  same  quantity  of  heat  imparts  twice  as 
quantities    high  a  temperature  to  mercury  as  to  an  equal  volume  of  water ;  a 
^^Wh'*   sinJJ^ar  proportion  is  observed  with  respect  to  equal  weights  of  spei^ 
^ic  ^    maceti   oil  and  water ;  and  that  the  heat  which  gives  5  degrees  to 
water  will  raise  an  equal  weight  of  mercury  by  115  degrees,  being 
the  ratio  of  1  to  23.     Hence  if  equal  quantities  of  heat  be  added  to 
equal  weights  of  water,  spermaceti  oil,  and  mercury,  their  tempera- 
tures in  relation  to  each  other  will  be  expressed  by  the  numbers  1,2, 
and  23 ;  or,  what  amounts  to  the  same,  in  order  to  increase  the  tern- 
peraturc  of  equal  weights  of  those  substances  to  the  same  extent,  the 
water  will  require  23  times  as  much  heat  as  the  mercury,  and  twice 
as  much  as  the  oil.    t.  29. 

This  may  be  illustrated  by  an  inge-  ^    pii.^35. 

nious  apparatus  contrived   by    Bache. 
Three  vessels  of  sheet  iron,  (r  ig.  35)  to 
contain  equal  loeightt  of  mercury,  alco- 
hol, and  water,  are  attached  to  a  frame, 
by  which  they  can  be  dipped  into  the  same 
vessel  containing  hot  water.  An  alcohol 
thermometer,  with  a  large  column  of  fluid,  dips  into  eachveMal.    As 
the  heat  enters,  the  thermometer  in  the  mercury  rises  with  great  ra-   > 
pidity,  that  in  the  alcohol  more  slowly,  and  that  in  the  water  still 
more  so.* 

171.  The  same  knowledge  may  be  obtained  by  reversing  the  pro- 
cess ;  by  noting  the  relative  quantities  of  ^caloric  which  bodies  gife 
out  in  cooling ;  for  if  water  requires  23  times  more  caloric  than  met' 
cury  to  raise  its  temperature  1  or  more  degrees,  it  must  also  lose  S3 
times  as  much  in  cooling.  The  calorirMer^  invented  and  employed 
by  Lavoisier  and  La  Place,  acts  on  this  principle.! 

*  GyHnders  of  copper,  coated  with  a  varnish  of  thickened  linseed  oil  to  inolect  tbr 
surface,  may  lie  suhttituted  for  the  thermometers,  phosphorus,  placed  on  the  top  sf 
vacb,  will  inflame  first  on  the  cylinder  in  the  liquid  ha? ing  the  least  capacity  for  '    * 
Amer,  Jour,  xxviii.  324.  t  See  LaToisier>  Elemenn  ofChemittry, 
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172.  The  singular  fact  of  substances  of  equal  temperature,  con«    aact  m. 
taining  unequal  quantities  of  heat,  naturally  excites  speculation  about  CanM. 
its  cause,  and  various  attempts  have  been  made  to  account  for  it. 

The  explanation  deduced  from  the  views  of  Black  is  the  following. 
He  conceived  that  heat  exists  in  bodies  in  two  opposite  states  :  in 
one  it  is  supposed  to  be  in  chemical  combination,  exhibiting  none  9f 
its  ordinary  characters,  and  remaining  as  it  were  concealed,  without 
evincing  any  signs  of  its  presence;  in  the  other,  it  is  free  and  un- 
combined,  passing  readily  from  one  substance  to  another,  affecting 
the  senses  in  its  passage,  determining  the  height  of  the  thermometer, 
and  in  a  word  givincr  rise  to  all  the  phenomena  which  are  attributed 
to  this  active  principle.* 

173.  The  capacities  of  bodies  for  heat  have  considerable  influence  Heating 
apoo  the  rate  at  which  they  are  heated  and  cooled.  Those  bodies  which  and  cooliog 
are  most  slowly  heated  and  cooled,  have  generally  the  greatest  capa-  ^y^'^ 
city  for  heat     Thus,  if  equal  quantities  of  water  and  quicksilver  be  bycapac- 
placed  at  equal  distances  from  the  fire,  the  quicksilver  will  be  more  ity. 
rapidly  heated  than  the  water,  and  the  metal  will  cool  most  rapidly 

when  carried  to  a  cold  place.     Upon  this  principle,  Leslie  ingeniously  x^eslie'a 
determined  the  specific  heat  of  bodies,  observing  their  relative  times  method. 
of  cooling  a  certain  number  of  degrees  comparatively  with  water, 
under  similar  circumstances. 

174.  The  determination  of  the  specific  heat  of  gaseous  substances  Specifie 
is  a  problem  of  importance,  and  has  accordingly  occupied  the  atten-  **••'  ®^ 
tion  of  several  experimenters  of  great  science  and  practical  skill  ;  *^^' 
but  the  inquiry  is  beset  with  so  many  difficulties  that,  in  spite  of  the 
talent  which  has  been  devoted  to  it,  our  best  results  can  be  viewe]  as 
approximations  only,  requiring  to  be  corrected  by  future?  research.! 

176.  The  circumstances  which  merit  particular  notice,  concerning Gueum- 
the  specific  heat  of  bodies,  have  been  arranged  by  Turner  under  thep*»««t*J 
eight  following  heads  :—  bcnotic«l. 

1.  Every  substance  has  a  specific  heat  peculiar  to  itself;  ^beoce 
it  follows,  thata  change  of  composition  w*ill  be  attended  by  a  change 
of  capacity  for  heat. 

2.  The  specific  heat  of  a  body  varies  with  its  form.  A  solid  has 
a  smaller  capacity  for  heat  than  the  same  substance  when  in  the  state 
of  a  luDid. 

3.  When  a  given  weight  of  any  gas  is  made  to  vary  in  density 
and  voiume  while  its  elasticity  is  unchanged,  aewheii  air  confined  in 
a  tube^l^er  mercury  is  healed  and  suffered  to  expand  without  varia- 
tion of  pressure,  the  specific  heat  is  believed  to  remain  constant. 

4.  Of  the  specific  heat  of  equal  volumes  of  the  same  gas  at  n  vary- 
ing density  and  elasticity,  as  when  air  is  forced  into  a  bottle  with 
diflerent  degrees  of  force,  nothing  certain  lias  been  established. 

5.  The  specific  heat  of  equal  weights  of  the  same  gas  varies  as 
the  density  and  elasticity  vary. 

6.  The  speci6c  heat  of  aplids  and  liquids  was  formerly  thought  to 
be  constant  at  all  temperatures,  so  long  as  they  sufler  no  change  of 
form  or  composition.     Dalton,  however,  (Chemical  Philosophy ^  pert 


*For  objcctKMia  to  this  theory, aee  Dott  by  Bache,  p.  30,  Turoer^s  EUmenU,  Am.  <dl. 

t  For  a  view  of  iha  expeiimeau  of  Crawford,  LAToisier,  Duloog,  and  oihera,  oa  ihia 
MbjacC,  aaa  TWiur'«  EummU,  p.  31. 
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Chap.L  I.  p.  50,)  endeavours  to  show  that  the  specific  heat  of  such  bodies  is 
greater  in  high  than  at  low  temperatures ;  and  Petit  and  Dulong 
have  proved  it  experimentally  with  respect  to  several  of  them. 

It  is  difficult  to  determine  whether  the  increased  specific  heat  ob- 
served in  solids  and  liquids  at  high  temperatures  is  owing  to  the  ac- 
cumulation of  hent  within  them,  or  to  their  dilatation.  It  is  ascribed 
in  general  to  the  latter. 
Dilatation  176.  Change  of  specific  heat  always  occasions  a  change  of  tern- 
dfair,&€.  perature.  Increase  in  the  former  is  attended  by  diminution  of  the 
latter :  and  decrease  in  the  former  by  increase  of  the  latter. 

Ryp  Tliui  when  air,  confined  within  a  flaccid  bladder,  is  luddenlj  dilated  by 

means  of  the  air-pump,  a  thermometer  placed  in  it  will  indicate  the  pro- 
duction of  cold.  On  the  contrary,  wnen  air  is  compressed,  tlie  corre^ 
ponding  diminution  of  its  speoific  heat  gives  rise  to  mcreara  oi  tempera- 
ture ;  nay,  so  much  heat  is  evolved  when  the  compression  is  sadden  and 
forcible,  that  tinder  may  bo  kindled  by  it.  This  is  illustrated  by  a  braw 
syrince  furnished  at  one  end  with  a  stop  cock  having  a  small  cbam- 
ber  m  which  tinder,  or  what  is  better,  a  small  piece  of  phosphorus 
wrapped  in  tow,  is  placed.  By  suddenly  compressins  the  piston,  the 
tinder  takes  fire  on  npeninjg  the  stop  cock.  Or  the  tinoer  may  be  placed 
in  a  cavity,  in  the  end  of  the  piston. 

The  explanation  of  these  facts  is  obvious.     In  the  first  case, 
a  quantity  of  heat  becomes  insensible,  which  was  previously  in 
a  sensible  state ;  in  the  second,  heat  is  evolved,  which  was  pre- 
viously latent.  ^ 
Relation  of     A  curious  relation  between  the  specific  heat   of  some  ele«  09 
heat^nd    "^^"^^7  substances  and  their  atomic  weight  was  discovered  by  Da- 
weight,       long  and  Petit ;  namely,  that  the  product  of  the  specific  heat  of  each 

eletneat  by  the  weight  of  its  atom  is  a  constant  quantity. 
Forms  and       177.  Heat  has  great  influence  on  the  forms  or  states  of  bodies. 
states  of     When  we  heat  a  solid  it  becomes  fluid  or  gaseous,  and  liquids  aie 
g^QQ^'hy  converted  into  aeriform  bodies  or  vapours.     Black  investigated  this 
caloric.       eSecl  of  heSi  with  singular   felicity."^     During  the  liquefaction  of 
bodies,  a  qu^intily  of  heat,  which  is  essential  to  the  state  of  fluidity, 
and  which  is  therefore  often  called  the  heat  ofjluidity,  is  absorbed, 
without  increasing  the  sensible  or  thermometric  temperature.     Con- 
sequently, if  a  cold  solid  body,  and  the  same  body  hot  and  in  a 
liquid  state,  be  mixed  in  known  proportions,  the  temperature  after  mil* 
ture  will  not  be  the  proportional  mean,  as  would  be  the  case  if  both 
were  liquid,  but  will  fall  short  of  it ;  much  of  the  heat  of  the  hotter 
body  being  consumed  in  rendering  the  colder  solid  liquid^  Itefore  il 
produces  any  cflect  upon  its  sensible  temperature, 

178.  Equal  parts  of  water  at  32°,  and  of  water  at  212^,  will  pro- 
duce on  mixture  a  mean  temperature  of  129°.  But  equal  parts  of 
ice  at  32°,  and  of  water  at  212°,  will  only  produce  (after  the  lique- 
faction of  the  ice)  a  temperature  of  52°,  the  ^ater  portion  of  the  heat 
of  the  water  being  employed  in  thawing  the  ice,  before  it  can  produce 
any  rise  of  temperature  in  the  mixture.  .  To  heat  thus  insensihU  or 
^1^°^^'  combined,  Black  applied  the  term  latent  heat.  The  actual  loss  of 
the  thermometric  heat  in  these  cases  was  thus  estimated  ;  a  pound 
of  ice  at  32°  was  put  into  a  pound  of  water  at  172° ,  the  ice  melted, 
and  the  temperature  of  the  mixture  was  32°.     Here  the  water  was 

*  Black*!  Lechcres. 
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140®,  while  the  temperature  of  the  ice  was  unuUered  ;  that  is,    8act»ni. 
'  heat  disappeared,  their  effect  being  not  to  increase  tempera- 
it  to  produce  fluidity. 

In  all  cases  of  liquefaction  caloric  is  absorbed,  and  we  pro- 
rtificial  cold,  often  of  great  intensity,  by  the  rapid  solution  of 
saline  bodies  in  water. "^^  Upon  this  principle  the  action  of 
^  mixtures  depends,  some  of  which  may  frequently  be  convc- 
and  economically  applied  to  the  purpose  of  cooling  wine  or 
n  hot  climates,  or  where  ice  cannot  be  procured. 

»  a  portion  of  nitric  acid  with  an  equal  weight  of  water ;  and,  when  the  K^*  1* 

haa  cooled,  add  to  it  a  quantity  of  light  fmh-fallen  mow.    On  immen- 

Ibennometer  in  the  mixture,  a  very  conaideiable  reduction  of  tempera- 

I  be  obeorved.    This  is  owing  to  the  absorption,  and  intimate  fixation  of 

caloric  of  the  mixture  by  the  liquefying  tnow. 

oickly  together  equal  weights  of  fresh-fallen  snow  at  32Vu>^  of  com-  K^-  3* 

:,  cooled,  oy  exposure  to  a  freezing  atmosphere,  down  to  32®.    The  two 

lies,  on  admixture,  will  rapidly  liquefy,  and  the  thermometer  will  sink 

i  0^,  or  according  to  Blagden  to  4t  lower. 

indcrstand  this  experiment,  it  must  be  recollected,  that  the  snow  Theory. 

t,  though  at  the  freezing  temperature   of  water,  have  each  a 


•FRIGORIFIC  MIXTURES  WITH  SNOW.* 


Mixtures. 

Paris 
by  weight. 
It,        ...        1 

.    2 

1 
& 

s 

1 

rhermometer  sinks 
to   —6® 

Degree  of  Cold  pro- 
duc#d. 

It,        ...        2 
:hlorete  of  ammonia,  l 

5 

to  —12® 

t 10 

Jibrate  of  ammoDia.  G 
1  of  potassa,   .            5 

24 

to— IS® 

It,    .        .                .6 
t  of  ammonia,             6 

.  12 

1 

to— 26® 

I  sulphuric  acid,t       2 

from  +32®  to  —23^ 

66  degrees. 

itrated  hydrochloric ) . 

from  -1-32®  to  — 27' 

69 

llptted  nitrous  acid,    4 

•               •               •              •        / 

from  +32®  to  —30® 

62 

le  of  calcium,     .        5 

•                •                •                •        4 

from  -f32®  to  —40® 

7» 

lliied    chloride    of)» 
torn.                        5 

from  +32®  to  —60® 

82 

polassa,                      4 

•               •              .              .a 

from  4-32®  to  —61® 

83 

sexiog  mixtures  may  he  maiie  by  the  rapid  solvtioo  of  salts,  without  the  use 
or  ice ;  and  the  following  table,  uken  from  Walker's  Essay  io  the  Philosoph- 

f.  TVofu.  Iixriii.  281. 

lovr  •boald  be  freshly  fkllen,  dry  and  ancomprMied.    If  snow  cannot  be  iMd,  finely 
i  lee  may  be  tubetUuied  for  It. 

if  sifofig  acid,  dUvCed  trIUi  Iwlf  Its  welglit  of  saew  or  distilled  water. 
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Calorie. 


Q>«P»  i«  considerable  portion  of  uncombined  caloric.  Now  salt  has  a  strong 
affinity  for  water ;  but  the  union  cannot  take  place  while  the  water 
continues  solid.  In  order,  therefore,  to  act  on  the  salt,  the  snow  ab- 
sorbs all  the  free  caloric  required  for  its  liquefaction ;  and  dariog 
this  change,  the  free  caloric,  both  of  the  snow  and  the  salt,  amoont- 
ing  to  32  ,  becomes  latent,  and  is  concealed  in  the  solution.  Thii 
solution  remains  in  a  liquid  state  at  0,  or  4^  below  0  of  F* ;  bat  if  t 
greater  degree  of  cold  be  applied  to  it,  the  salt  separates  in  a  con- 
crete form. 

Most  neutral  salts,  also,  during  solution  in  water,  absorb  much  ca- 
loric ;  and  the  cold,  thus  generated,  is  sometimes  so  intense  as  to 
freeze  water,  and  even  to  congeal  mercury.  The  former  experiment, 
however,  (viz.  the  congelation  of  water,)  may  easily  be  repeated  on 
a  summer's  day. 


Exp. 


Add  to  32  drachma  of  water,  11  drachiDB  of  hydrochlorateof  umnonia,  10  of 
nitrste  ef  potana,  and  16  of  ■ulphate  of  soda,  all  finely  powdered.   The  nltsn^ 


ical  Transactions  for  1796,  includes  the  most  important  of  them.    The  lalu  matl  bt 
finely  powdered  and  dry. 


MiZTURBB. 

ParU 
by  weight. 

Hydrochlorate  of  ammonia,  6 
Nitrate  of  potassa,  6 

Water,  ._     .  16 

Hydrochlorate  of  ammonia,  6 
Nitrate  of  potassa.  * 

Sulphate  of  soda. 
Water,  

Nitrate  of  ammonia, 
Water,  , 

Nitrate  of  ammonia, 
Carbonate  of  soda,    . 
Water,  .  . 

i^lphatc  of  soda. 


6 

8 

16 


1 
I 


3 
2 


Diluted  nitrous  acid,*    . 

Sulphate  of  soda,  6 

Hydrochlorate  of  ammonia,  4 
Nitrate  of  potassa,  .  .  2 
Diluted  nitrous  acid,  4 


Sulphate  of  soda. 
Nitrate  of  ammonia, 
Diluted  nitrous  acid. 


6 

ft 
4 


Phosphute  of  soda^ 
I  >iluted  nitrons  acid. 


9 

4 


Phosphate  of  soda, 
Nitrate  of  ammonia, . 
Diluted  nitrous  acid, 

.Sulphate  of  soda,      T 
Hyilrochloric  acid. 


9 
6 
4 


8 
6 


Sulphate  of  soda, 
Diluted  sulphuric  acid,t 


6 

4 


Temperature  falls 


from  4-60®  to  -I-IO® 


from  +50'»  to  -H® 


from  +60®  to  -H® 


from  +60®  to  —7° 


from  -f60**  to  —3® 


from  -f60**  to  —10® 


from  +60®  to  —140 


from  +50®  to  —12® 


from  +60®  to  —21' 

from  +60®  to  0® 
from  +60®  to  +3® 


Degree  of  Cold 
dnoed. 


40  degrees. 


46 


46 


67 


63 


60 


64 


62 


71 


60 


47 


These  artificial  processes  for  ^nerating  cold  are  mnch  more  efiectoal  when  the 
terials  are  preriously  cooled  by  immersion  in  other  frigorific  mixtures. 

*  Composed  of  (Vunlng  nltrout  acM  two  parte  In  weight,  and  one  of  water*-Che 
allowed  to  cool  before  being  used. 

t  Composed  of  eqeal  weifMs  of  sCiong  add  and  water,  bslag  allewed  toeosl  betae  «s. 


LaUnt  and  SemibU  Heat.  ^ 

be  diMoWed  aepftnUsly,  in  the  order  let  down.    A  thermometer,  put  into  the    SeculU. 
•olution,  will  ihow,  that  the  cold  produced  it  at,  or  below  freezinir ;  and  a  little 
water,  in  a  thin  slaas  tube,  being  immerwd  in  the  solution,  wiU  be  frozen  in 
■  lew  minutei.    11. 1.  ]13.* 

Crystallized  chloride   of  calcium,  when  mixed  with  snow,  pro-  Metluid  of 
duces  a  most  intense  degree  of  cold.    This  property  was  discovered  ^|^|^£, 
by  Lovitz,  and  has  heen  since  applied  to  the  congelation  of  mercury 
OD  a  very  extensive  scale.t 

On  a  small  scale,  it  may  be  sufficient  to  employ  two  or  three 
pounds  of  the  salt. 

Let  a  few  ouncee  of  mercury,  in  a  very  thin  glass  retort,  be  immersed,  first  Ezp. 
ia  a  mixture  of  one  pound  of  each ;  and,  when  this  has  ceased  to  act,  let  another 
aoiilar  mixture  be  prepared.    The  second  will  never  fail  to  congeal  the  quick- 
mlwwJt 

180.  When  fluids  are  converted  into  solids,  their  latent  heat  be-  Latent  ca- 
oomes  sensible.    Water,  if  kept  perfectly  free  from  agitation,  may  be  ioncmade 
cooled  down  several  degrees  below  32*^ ;  but,  on  shaking  it,  it  imme- 
diately conceals,  and  the  temperature  rises  to  32^. 

The  evolution  of  caloric,  during  the  congelation  of  water  is  well 
illuatrated  by  the  following  experiment  of  Crawford. 

Into  a  round  tin  vessel  put  a  pound  of  powdered  ice;  surround  this  by  A£xp.  1. 
mixture  of  snow  and  salt  in  a  larger  vessel ;  and  stir  the  ice  in  the  inner  one,  till 
ilB  temperature  is  reduced  to  -h  4°  F.  To  the  ice  thus  cooled  add  a  pound  of 
water  at  32^.  One  fifth  of  this  will  be  frozen  ;  and  the  temperature  of  the  ice 
will  rise  from  4°  to  32*'.  In  this  instance,  the  caloric  evolved,  by  the  consela- 
tioo  of  one  fifth  of  a  pound  of  water,  raises  the  temperature  of  a  pound  of  ice 
»>,    H.  1.  115. 

Di«olve  sulphate  of  soda  in  water,  in  the  proportion  of  one  part  to  five,  and  |^     ^ 
•nrfound  the  solution  by  a  freezing  mixture,  it  will  cool  gradually  down  to  31*^.      ^' 
The  salt,  at  this  point,  begins  to  be  deposited,  and  stops  the  cooling  entirely. 

*  The  results  of  some  of  M^alker's  experiments  on  this  subject,  are  given  in  the  ta- 
bles of  freezing  mixtures. 

t  The  vropurtions,  which  answer  best,  are  aliout  equal  weights  of  the  salt  finely 
powdered,  and  of  fresh  fallen  and  light  snow.  On  mixing  these  together,  and  im- 
mersing a  thermometer  io  the  mixture,  the  mercury  sinks  with  great  rapidity.  For 
■eatnnag  exactly  the  cold  produced,  a  spirit  thermometer,  graduated  to  60°  below  0 
of  Fahrenheit,  or  still  lower  should  be  employed.  A  few  pounds  of  the  salt  are  suf- 
floeat  to  congeal  a  larae  mast  of  mercury.  By  means  of  13  pounds  of  the  chloride, 
md  an  equal  weight  of  snow,  Pepys  and  Allen  froxe  66  pounds  of  quicksilver  into  a 
•olid  mass.  The  mixtart  of  the  whole  quantity  of  salt  and  snow,  however,  was  not 
■ade  at  once,  but  part  was  expended  in  cooling  the  materials  themselves. 

t  Fig.  37,  a  very  simple  and  cheap  apparatus  may  be  employed  to  freexe  mercury. 
Hm  ooter  vessel  of  wood  may  be  twelve  and  a  half  inches  square,  and  seven  inches 
deep,  ll  abould  have  a  wooden  cover,  rabbeted  in,  and  furnished  with  a  handle. 
Within  this  is  placed  a  tin  vessel  b  6,  standing  on  feet  which  are  one  and  a  half  inches 
bigfa,and  havioff  a  projection  at  the  top,  half  an  inch  riff.  37. 

mad  and  an  iacb  deep,  on  which  rests  a  shallow  tin  pan 
c  c  Within  the  second  vessel  is  a  third  d,  made  of  un* 
tiaaed  iron,  and  supported  by  feet  two  inches  high. 
Ttos  veaacl  is  four  iucnes  square,  and  is  intended  to  con- 
tain the  mercuiT.  When  the  apparatus  is  used^  a  mix- 
tare  of  hydrocnlorate  of  lime  and  snow  is  put  into  the 

'  veesel  a  a,  so  as  completely  to  surround  the  middle    i_ 

d  6  b.  Into  the  latter,  the  vessel  d,  containing  the  quicksilver  to  be  frozen,  pre- 
dy  cooled  down  by  a  freezing  mixture,  is  put;  aiul  this  is  immediatelv  surroun- 
ded by  a  mixture  of  snow  ana  muriate  of  lime,  previously  cooled  to  0^  F.  by  an 
artiinal  mixture  of  snow  and  common  salt.  The  pan  c  c  is  also  filled  with  these 
ttalpfials,  and  the  wooden  cover  is  then  put  into  its  place.  The  vessels  are  now  left 
till  the  9aicksilver  is  frozen-  A  more  elegant,  but  more  expensive^  apparatus,  by 
Frays,  mtended  for  the  same  purpose,  is  figured  in  an  early  volume  of  the  Philosophi- 
caf  ka^ixiae.    H.  1.  114. 


64  Calorie. 

Chap.  1.        This  evolution  of  caloric  during  the  separation  of  a  salt,  is  exactly 
the  reverse  of  what  happens  during  its  solution.* 

When  a  solution   of  Gr]auber*s  salt  is  made  suddenly  to  crystal- 
lize, its  temperature  is  considerably  augmented ;  (31  note)  and  when 
water  is  poured  upon  quicklime,  a  great  degree  of  heat  is  produced 
by  the  solidification   which   it  suffers   in  consequence  of  chemical 
combination  ;    congelation,   therefore,  is  to  surrounding  bodies   a 
heating  process,  and  liquefaction  a  cooling  process. 
^<>°^">on      181.  When  liquids  are  heated  they  acquire  the  gaseous  form,  and 
rotolhe  '    become  invisible  elastic  fluids,  possessed  of  the  mechanical  proper- 
aeriform     ties  of  common  air.     By  a  sufficiently  intense  heat  every  liquid  and 
state.         g^]]^  would  probably  undergo  this  change.  A  considerable  number  of 
bodies,  however,  resist  the  strongest  heat  of  our  furnaces  wlthoat  mr 
porizing.     These  are  said  to  be  ^fixed  in  the  fire :  those  which,  under 
the  same  circumstances,  are  converted  into  vapour,  are  called  volatik. 
This  effect  of  caloric  is  termed  Vaporization. 
Vapoara         ^^'  ^^P^^^s  ^^^  characterized  by  the  readiness  with  which  they 
are  convertible  into  liquids  or  solids,  either  by  a  moderate  increase 
of  pressure,  the  temperature  at  which  they  were  formed  remainiog 
the  same,  or  by  a  moderate  diminution  of  that  temperature,  without 
change  of  pressure.     They  retain  this  form  or  state  as  long  as  their 
temperature  remains  sufficiently  high,  but  re-assume  the  liquid  form 
when  cooled  again. 

Exp  1  ^*''  ^  i^  ^'^^  water  heated  to  104*'  and  invert  it  in  a  veaael  of  thenme.  Thm 

introduce  a  little  ether  bj  means  of  a  glass  tube  closed  at  one  end.  The  eth« 
will  rise  to  the  top  of  the  jar,  and,  in  its  ascent  will  be  changed  into  gas,  filling 
the  whole  jar  with  a  transparent,  invisible,  elastic  fluid.  On  permitting  ibe 
water  to  cool,  the  ethereal  gas  is  condensed,  and  the  inverted  jar  again  becoBMS 
filled  with  water. 

Kxp.  2.  ^^  more  beautifully  thus.     Fill  a  glass  tube  about  thirty  inches  long  and 

an  inch  in  diameter,  with  quicksilver,  and  invert  it  in  the  mercurial  trough.  Pms 
up  from  a  small  bottle  an  ounce  or  more  of  ether ;  aAer  it  has  collected  upon  tbf 
surface  of  the  quicksilver  in  the  tube,  it  may  be  made  to  boil  by  the  heat  of  the 
hand  by  grasping  the  tube  at  that  part  whore  the  ether  stands ;  which  will  p«i 
to  the  state  oi'  vapour  and  depress  the  mercurial  column. 

Diffsrence  183.  The  disposition  of  various  substances  to  yield  vapour  is  very 
of  density,  different ;  and  the  difference  depends  doubtless  on  the  relative  pow- 
er of  cohesion  with  which  they  are  endowed.  Vapours  occupy 
more  space  than  the  substances  from  which  they  were  producea. 
According  to  the  experiments  of  Gay  Lussac,  water,  at  its  point  of 
greatest  density,  in  passing  into  vapour,  expands  to  1696  times  its 
volume,  alcohol  to  659  times,  and  ether  to  443  times,  each  vapour  be- 
ing at  a  temperature  of  212^  F.  and  under  a  pressure  of  29.92  inches 
of  mercury.  This  shows  that  vapours  differ  in  density.  Watery 
vapour  is  lighter  than  air  at  the  same  temperature  and  pressure,  in 
the  proportion  of  1000  to  1604  ;  or  the  density  of  air  being  1000, 
that  of  watery  vapour  is  625.  The  vapour  of  alcohol,  on  the  contra- 
ry, is  half  as  heavy  again  as  air ;  and  that  of  ether  is  more  thsQ 
twice  and  a  half  as  heavy. 
Dilatation  184.  The  dilatation  of  vapours  by  heat  was  found  by  Gay-Los- 
of  vapours,  sac  to  follow  the  same  law  as  gases,  that  is,  for  every  degree  of 
Fahrenheit,  they  increase  by  ^iir^b  of  the  volume  they  occupied  at 
32**.     But  the  law  does  not  hold  unless  the  quantity  of  vapour  coo- 

*  Blagdeo,  Phil.  Trant,  bxviii.  290. 
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linue  the  same.  If  the  increase  of  temperature  cause  a  fresh  por-  Secu  m. 
lion  of  vapour  to  rise,  then  the  expansion  will  be  greater  than  ^i^th 
for  each  degree  ;  because  the  heat  not  only  dilates  the  vapotir  pre- 
viously existing  to  the  same  extent  as  if  it  were  a  real  gas,  but  aug- 
ments its  bulk  by  adding  a  fresh  quantity  of  vapour.  The  contrac- 
tion of  a  vapour  on  cooling  will  likewise  deviate  from  the  above  law, 
whenever  the  cold  converts  any  of  it  into  a  liquid  ;  an  effect  which 
must  happen,  if  the  space  had  originally  contained  its  maximum  of 
vapoun 

The  volume  of  vapour  varies  under  varying  pressure  according  tolnfl««>e*d 
the  same  law  as  that  of  gases,  provided  always  that  the  gaseous  g^^' 
slate  is  preserved.     This  law,  discovered  by  Boyle  and  Mariotte,  is 
more  fuUy  explained  in  the  section  on  atmospheric  air,  and  merely 
expresses  the  fact  that  the  volume  of  gaseous  substances  at  a  constant 
temperature  is  inversely  as  the  pressure  to  which  they  are  subject. 

186.  The  temperature  at  which  vapour  rises  with  sufficient  ^r^'Boiiing 
dom  for  causing  the  phenomena  of  ebullition,   is  called   the  boiling  point  of 
point.     The  heat  reauisite  for  this  effect  varies  with  the  nature  of  |?*l""|' *^' 
the  fluid.     Thus,  sulphuric  ether  boils  at  96°  F.  alcohol  at  ITS'*  and 

pure  water  at  212°  ;  while  oil  of  turpentine  must  be  raised  to  316°, 
and  mercury  to  662°,  before  either  exhibits  marks  of  ebullition.  The 
appearance  of  boiling  is  owing  to  the  formation  of  vapour  at  the  bot- 
tom of  the  vessel,  and  it  escapes   through  the  heated  fluid  above  it. 

1S6.  The  boiling  point  of  the  same  liquid  is  constant,  so  long  as  fioUing 
the  necessary  conditions  are  preserved  ;  but  it  is  liable  to  be  affected  !»»"*  ^ 
by  several  circumstances.     The  nature  of  the  vessel  has  some  influ-  ^^  "Ir-^^ 
eiice  upon  it     Thus  Gay  Lussac  observed  that  pure  water  boils  pre- cunutan- 
cisely  at  212°  in  a  metallic  vessel  and  at  214°  in  one  of  glass.     It  is*^* 
likewise  affected  by  the  presence   of  foreign   substances.     Bostock 
found  that  ether,  heated  in  a  glass  vessel,  had  its  boiling  point  lower- 
ed nearly  50°  by  introducing  a  few  chips  from  a  cedar  pencil,  and 
alcohol  of  8.  g.  849  had  its  boiling  point  reduced  by  a  similar  cause 
between  30°  and  40°.     The  boiling  point  of  water,  heated  in  a  glass 
vessel,  was  brought  down  4°  or  6°  by  the  same  means.*     By  put- 
ting coils  of  wire  into  liquids,  heated  in  glass  vessels  with  a  view  to 
distillation,  they  are  made  to  boil  readily,  quietly  and  some  degrees 
lower  than  they  would  otherwise  do.     It  is  of  course  necessary   to 
use  a  metal  which  will  not  be  acted  upon  by  the  liquid. 

187.  A  circumstance  which  has  great  influence  over  the  boiling 

point  and  vaporization  of  fluids  is  variation  of  pressure.     By  the  fr^ure. 
mere  removal   of  atmospheric  pressure,  ether  will  be  converted  into 
vapour  at  the  common  temperature  of  the  atmosphere. 

Into  Sffhtti  tube,  about  lix  inches  long,  and  half  an  inch  in  diameter,  put  a  Rtp. 
tenpooplul  of  ether,  and  fill  up  the  tube  with  water ;  then,  pressing  the  thumb 
oa  Uie  open  end  of  the  tube,  place  it,  inverted,  in  a  Jar  of  water.  I^t  the  whole 
be  set  under  the  receiver  of  an  air-pump,  and  exhaust  the  air.  The  ether  will  be 
changed  into  gas,  which  will  expel  the  water  entirely  from  the  tube.  On  re-ad- 
mittinf  the  air  into  the  receiver,  the  gas  is  again  condensed  into  a  liquid  form. 

From  the  experiments  of  the  late  Prof.  Robison  it  appears  that    Foiljog 
liquids  boil  in  a  vacuum  at  a  temnerature  140°  lower  than  in  the  JJ^^  "*  ^* 
open  air. t     Thus  water  boils  at  72^  F.,  alcohol  at  36,°  and  ether  at 

•  This  proves  that  a  liquid  is  not  necessarily  hot  because  it 

•  Ami,  of  PkiloB.  N.  S.  iz.  196.       t  Black's  Ledurm,  Vol.  i.  p.  161. 
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boils.     The  heat  of  the  hand  is  sufficient  to  *"*«  *" 

make  ether  boil  in  a  vacuum,  as  is  exem- 
plified by  the  Pulse  Glass, 

188.  Even  the  ordinary  variations  in  the  weight  of  the  air,  as 
measured  by  the  barometer,  are  sufficient  to  make  a  difference  in  the 
boiling  point  of  water  of  several  degrees.  When  the  barometer  it 
at  ^  inches,  water  will  boil  at  ihe^  temperature  of  208,43",  when  tt 
30  inches  at  212^,  and  when  at  31  at  213,76''.  At  the  top  of  Meant 
Blanc,  Saussure  found  that  it  boiled  at  187*",  so  that  the  heights  of 
mountains,  and  even  of  buildings,  may  be  calculated  by  reference 
to  the  temperature  at  which  water  boils  upon  their  summits.* 

The  following  apparently  paradoxical  experiment  also  illustmtes 
the  influence  of  diminished  pressure  in  facilitating  ebullition. 

FIf.  39. 

fmert  a  stopcock  securely  into  the  neck  of  a  Florence  flask,  Fig. 
39,  containing  a  little  water,  and  heat  it  over  a  lamp  till  the  water 
boils,  and  the  steam  freely  escapes  by  the  open  stop  cock ;  then 
suddenly  remove  the  lamp  and  close  the  cock.  The  water  will 
soon  ceaso  to  boil ;  but  if  plunged  into  a  vessel  of  cold  water,  ebul- 
lition instantly  recommences,  but  ceases  if  the  flask  be  held  near 
the  fire  :  the  vacuum  in  this  case  being  produced  by  the  condensa- 
tion of  the  steam. t 

Ejtample  of     189.  Water  citnnot  be  heated  under  common  circumstances  beyond 

ry^eflfect'of  ^^^^  ^'  because  it  then  acquires  such  an  expansive  force  as  enables  it 

preaaure.     to  overcome  the  atmospheric  pressure,  and  to  fly  off  in  the  rorm  of 

vapour.     But  if  subjected  to  sufficient  pressure,  it  may  be  heated  to 

any  extent  without  boiling.     The  elasticity  of  steam  increases  in  a 

greater  ratio  than  the  temperature  at  which  it  is  produced  ;  thus  if  itbe 

1  at  212<^       I      4  at  293.7        I      16  at  39a48  Fig.  40. 

it  is  2  "  250.5      |      8  "  341.78     |      24  "  435.57 

Or  steam  at  these  temperatures,  has  2, 4, 8, 16,  and 
24  times  the  elastic  force  of  steam  at  212°.t 

*  Wollaston  has  described  the  method  of  constracting  a 
tberroomeier  of  extreme  delicacy,  applicable  to  these  pur- 
poses.* 

t  The  experiment  may  be  varied  by  placing  the  flask  in 
an  inverted  position  in  the  ring  of  a  retort-stand  and  blow- 
ing upon  it  with  a  pair  of  bellows. 

tVoT  making  experiments  on  this  suhjict,  the  apparatus, 
represented  P^ig.  40,  contrived  by  Marcet,  will  be  found  ex- 
tremely useful,  a  is  a  strong  brass  glot>e,  composed  of  two 
hemispheres  screwed  together  with  flanches ;  a  portion  of 
quicksilver  is  introduced  mto  it,  and  it  is  then  about  half 
hlled  with  water.  6  is  a  barometer  tube  passing  through  a 
steam-tight  collar,  and  dipping  into  the  quicksilver  at  the 
bottom  of  the  globe,  c  is  a  thermometer  graduated  to  about 
400*^,  and  also  passing  through  an  air-light  collar,  d  is  a 
stop  cock,  and  e  a  large  spirit  lamp.  The  whole  is  supported 
upon  the  brass  frame  and  stand  f.  Upon  applying  neat  tn 
this  vessel,  the  stop  cock  being  closed  as  soon  as  the  water 
boils,  it  will  be  found  that  the  temperature  of  the  water  and 
its  vapour  increases  with  the  pressure,  which  is  measured 
by  the  accent  of  the  mercury  in  the  barometer  tube.  The 
thermometer  under  atmospheric  pressure  being  at  212^,  will 
be  elevated  to  217®  under  a  pressure  of  live  inches  of  mer- 
cury, and  to  242°  under  a  pressure  of  30  inches,  or  therea- 
bouts ;  each  inch  of  mercury  producing  bv  its  pressure  a  rise 
of  about  1°  in  the  thermometer.  The  barometer  tube  also 
serves  the  purpose  of  a  safety-valve,  the  strength  of  the  brass 
globe  being  such  as  to  resist  a  greater  pressure  than  that  of 
one  atmosphere. 

*FkiL  Tnmt.  1817. 
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190.  Evaporation  as  well  as  ebullitioD  consists  in  the  formation  of    Sectm. 
vapour,  and  the  only  assignable  difference  between  them  is,  that  the  Kvapora- 
one  takes  place  quietly,  the  other  with  the  appearance  of  boiling.  ^*^^' 
Emporation  occurs  at  common  temperatures.     This  fact  may  be 
proved  by  exposing  water  in  a  shallow  vessel  to  the  air  for  a  few  days, 

when  it  will  gradually  diminish,  and  at  last  disappear  entirely. 
Host  liquids,  if  not  all  of  them,  are  susceptible  of  this  gradual  dissi- 
pation ;  and  it  may  also  be  observed  in  some  solids,  as  for  example 
in  cmmpbor.  Evaporation  is  much  more  rapid  in  some  liquids  than 
ID  others,  and  it  is  always  found  that  those  liquids,  the  boiling  point 
of  which  is  lowest,  evaporate  with  the  greatest  rapidity.  Thus  alco- 
iM>U  which  boils  at  a  lower  temperature  than  water,  evaporates  also 
mofe  freely ;  and  ether,  whose  point  of  ebullition  is  yet  lower  than 
that  of  alcohol,  evaporates  with  still  greater  rapidity. 

The  chief  circumstances  that  influence  the  process  of  evaporation 
are  extent  of  surface,  and  the  state  of  the  air  as  to  temperature,  dry- 
ness, stillness,  and  density. 

191.  The  conversion  of  a  liquid  into  vapour  is  always  attended  SeDtible,or 
with  great  loss  of  thermometric  heat ;  and  as  liquids  may  be  regarded  fr««  <»>oric 
as  compounds  of  solids  and  heat,  so  vapours  may  be  considered  as  teot. 
consisting  of  a  similar  combination  of  heat  with  liquids;  in  other 
words,  a  great  quantity  of  heat  becomes  latent  during  the  formation 

of  vapour. 

lloiflt«B  a  thermometer  with  alcohol,  or  with  ether,  and  expose  it  to  the  air.  £^p  | 
repealing  theie  operations  alternately.  The  mercury  of  the  thermometer  will 
nnk  at  each  exposure,  because  the  volatile  liquor,  during  the  eTaporation,  robs 
it  of  its  heat  In  this  way,  (esp<K;ially  with  the  aid  of  an  apparatus,  described 
by  M.  Ca%'allo,  in  the  Philosophical  Transactions,  1781,  p.  509,)  water  may  be 
muceo,  in  a  thin  and  small  gloss  ball,  by  means  of  ether.  The  same  effect  may 
hm  obtained,  also,  by  immcrsinff  a  tube,  containing  water  at  the  bottom,  in  a  glass  ^^*  '* 
el* ether,  which  is  to  be  placed  under  the  receiver  of  an  air  pump  ;  or  the  ether 
Bay  be  allowed  to  float  on  the  surface  of  tlie  water.  During  the  exhaustion 
el*  the  vessel,  the  ether  will  evaporate  rapidly,  and,  robbing  the  water  of  heat, 
will  completely  freeze  it ;  thus  exhibiting  the  singular  spectacle  of  two  fluids  in 
contact  with  each  other,  one  of  which  is  in  the  act  of  beiltng,  and  the  other  of 
fieezing,  at  the  same  moment. 

By  a  little  modification  of  the  experiment,  mercury  itself,  which  Marcet's 
requires  for  congelation  a  temperature  of  almost  40°  below  0  of  F.,  method  of 
may  be  frozen,  as  was  first  shown  by  Marcet.*  meicinT. 

*  A  conical  recciTcr,  (Fig.  41,)  open  at  the  top,  is  placed  on  the         Fig.  41. 
plate  of  an  air-pump,  and  a  small  tul>e  with  a  cylindrical  bolb  at 
Its  lower  end,  cootamiog  mercury,  is  suspended  within  the  receiver, 
through  the  aperture,  hy  means  of  a  brass  plate,  perforated  in  its  cen- 
tre, and  fittini^  the  rcceiTcr  air-tight,  when  laid  upon  its  open  neck. 
The  tube  passes  through  this  plate  to  which  it  is  fitted  by  a  leather 
adjustment,  or  simply  by  a  cork  secured  with  sealing  wax.    The  halb 
IS  tkeo  wrapped  up  m  a  little  cotton  wool,  or,  what  is  better,  in  a 
tmalt  hag  of  fine  fleecy  hosiery,  in  which  a  small  spirit  thermometer 
fradaated  below  40*^  F.,  may  also  he  included,  and  afler being  dipped 
Mo  aulpharet  of  carbon  or  ether,*  the  apparatus  is  qaickly  placed 
Mdcr  the  receiTer,  which  is  exhausted  as  rapidly  as  possinle.     In 
two  or  three  minutes,  the  temperature  sinks  to  about  45^  below  0,  at 
which  BMxneot  the  quicksilnrr  in  the  stem  suddenly  descends  with 
gftat  rapidity.    If  it  be  desired  to  exhibit  the  mercury  in  a  solid 
■ale,  common  tubes  raav  be  used,  which  hare  originally  been  about 
m  inch  in  diameter,  hut  nave  been  flattened  by  pressure,  when  softened  by  the  blow- 
Mpa.    The  experiment  succeeds,  when  the  temperature  of  the  room  is  as  high  as 
-¥49^  Fkhieabeit.    H.  116. 

•bcshMisltaig  a  rmmH  cootafaiing  either  of  these  fluids,  ths  TalTssor  the  air  pwnp  should  bs 
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Tempera-    is  proved  by  the  well  known  fact  that  the  temperature  of  steam  ii 

tare  of       precisely  the  same  as  that  of  the  boiling  water  from  which  it  rises; 

so  that  all  the  heat  which  enters  into  the  liquid,  is  solely  employed 

in  converting  a  portion  of  it  into  vapour,  without  affecting  the  tem* 

perature  of  either  in  the  slightest  degree,  provided  the  latter  ia  pe^ 

mitted  to  escape  with  freedom.     The  heat  which  then  becomes  latent, 

to  use  the  language  of  Black,  is  again  set  free  wh^n  the  vnpoor  is 

condensed  into  water.     The  exact  quantity  of  heat  rendered  insenii* 

ble  by  vaporization,  may,  therefore,  be  ascertained  by  condentiog  the 

Tapour  in  cold  water,  and  observing  the  rise  of  temperature  which 

ensues.   From  the  experiments  of  Black  and  Watt,  conducted  on  this 

principle,  it  appears  that  steam  of  212**,in  being  condensed  into  water 

of  212°,  gives  out  as  much  heat  as  would  raise  the  temperature  of  an 

equal  weight  of  water  by  950  degrees,  all  of  which  had  previoualy  ex* 

isted  in  the  vapour  without  being  sensible  to  a  thermometer. 

LAicnthest     The  latent  heat  of  steam  and  several  other  vapours  has  been  exa- 

^'  mined  by  Ure,  whose  results  are  contained  in  the  following  table. 

{PhU.  Tram.  1818.) 

Latent  Held. 

Vapour  of  water  at  its  boiJing  poiat 

Alcohol     ..... 
Ether  ..... 

Petroleum  .... 

Oil  ofturpentiDe         .... 
Nitric  acid  .... 

Liquid  ammonia 
Vinegar,    ..... 

193.  The  large  quantity  of  beat,  latent  in  steam,  renders  its  ap- 

When  a  jet  of  liquid  carbopic  acid  is  directed  upon  mercury,  it  is  so  rapidly  Tapoiifrf 
that  the  mercury  is  frozen.  The  pipes  connected  with  the  ibuntaios  from  vhicbsoda 
water  is  drawn,  are  often  closed  by  ice,  formed  on  the  sudden  escape  and  ezputioB  m 
the  last  portion  of  water  and  compressed  gas. 

*Th'e  small  boiler,  represented  in  Fig.  42,  taken  from  Henry's  SicmenU  qftM- 
misiryt  maj  be  conteuiently  Fig.  43. 

employed  m  experiments  on 
the  latent  beat  of  steam. 

For  this  purpose  the  tube  e 
must  be  screw«i  on  the  stop- 
cock 6,  and  immersed  into  tne 
glass  of  water  /.  The  cock  c 
eing  closed^  the  steam  arisins 
from  the  boiling  water  a  will 
pass  into  the  cold  water  j^,  the 
temperature  of  which  will  be 
much  augmented  b3r  its  con- 
densation. Ascertain  the  in- 
crease of  temperature  and 
weight,  and  the  result  will 
show  how  much  a  ^ven  weight 
of  water  has  had  its  tempera- 
ture raised  bv  a  certain  weight 
of  condenseo  steam.  I'o  ano- 
ther quantity  of  water  of  the 
same  weight  and  temperature 
as  that  in  the  jar  at  the  outset 
of  the  experiment,  add  a  quan- 
tity of  water  at  213o,  equal  in  weight  to  the  condensed  steam;  it  will  be  lbaad.«B 
comparing  the  resulting  temperatures,  that  a  giren  weight  of  steam  haa  prodMid,4 
iu  condensation,  a  much  greater  eleTation  of  temperatnre  than  the  tanie  qMititf  v 
boiling  water.  ^        ' 
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D  extremely  useful  for  practical  purposes.  Thus  water  may  be    swsu  m. 
at  a  considerable  distance  from  the  conducting  pipe  e.  (Fig.  42.)  Economical 
rnishes  us  with  a  commodious  method  of  warming  the  water  "f^f  ^^ 
I,  which,  in  certain  cases  of  disease,  it  is  of  importance  to  have         ' 
16  patient's  bed-room ;  for  the  boiler,  in  which  the  water  is 
may  thus  be  placed  on  the  ground  floor,  or  in  the  cellar  of  a 

and  the  steam  conveyed  by  pipes  into  an  upper  apartment, 
may  also  be  applied  to  the  purpose  of  heating  or  evaporating  ^,JJ^of 
>y  a  modification  of'  the  apparatus.*     In  breweries  and  other  in  tome 
ctories.  where  large  quantities  of  warm  and  boiling  water  are  "^ 
ed  it  is  frequently  heated  by  conveying  steam  into  it,  or  by 
g  steam-pipes  to  traverse  the  vessels  or  by  employing  double 
,  a  plan  adopted  with  particular  advantage  in  the  preparation 
icinal  substances.     Where  a  higher  temperature  than  212^  is 
d  it  is  necessary  to  employ  steam  under  adequate  pressure. 

The  perfect  transparency  of  steam,  and  also  two  other  impor-  Steam  ii 

iperties,  on  which  depends  its  use  as  a  moving  power,  viz.  its  i™n»P*- 

:y  and  its  condensibility  by  a  reduced  temperature,  are  beau- 

ihown  by  a  little  apparatus  contrived  by  Wollaston. 

listi  of  a  glass  tube  (Fig.  43)  aboat  6  iocbea  long  ^  Hi-  43. 
eb  bore,  as  cvlindrical  as  poeaible,  and  blown  out  a  "^ 
be  lower  end.  It  has  a  wooden  handle,  to  which  is 
a  brass  clip  embracing  the  tube  ;  and  within  is  a 
rbicb,  as  well  as  its  rod,  is  peribrated,  as  shown  by 
id  lines.  This  canal  may  be  occasionally  opened 
I  by  a  screw  at  the  top  :  and  the  piston  rod  is  kept 
lis  of  the  cylinder  by  being  passed  through  a  piece 
ixed  at  the  top  of  the  tube.  When  the  instrument 
a  little  water  is  put  into  the  bottom ;  the  piston  is 
roduced  with  its  aperture  leA  open  ;  and  the  water 
over  a  spirit  lamp.  The  common  air  is  thus  etpelled 
tnbc,  and  when  this  may  be  supposed  to  be  effect- 
iperture  in  the  rod  is  closed  by  the  screw.  On  ap- 
eat,  steam  is  produced,  which  drives  the  piston  up- 
On  immersing  the  bulb  in  water,  or  allowing  it  to 

^  ^  represents  the  apparatas  for  boiling  water  hy  the  condensation  of  steam, 
dding  to  its  quantity ;  a  circumstance  occasionallv  of  considerable  importance, 
n  is  received  between  the  ressel,  which  contains  xne  water  to  be  heated,  and  an 
:ate;  it  imparts  its  caloric  to  the  water,  through  the  substance  of  the  Tessel ; 
ondensed,  and  returns  to  the  boiler  by  the  perpendicular  pipe.  An  sltera- 
•  lorm  of  the  vessel  adapts  it  to  evaporation  (Pig.  42,  h).  This  method  of 
OB  is  admimhly  suited  to  the  ooucentratioa  of  liquids,  that  are  decomposed, 
1  l>y  a  higher  temperature  than  thst  of  boiling  water,  such  as  medicinal  ez- 
>  the  drying  of  preciptitates,  &c.  In  the  employment  of  either  of  these  vessels, 
edient  to  surround  it  with  some  slow  cooiductor  of  heat.  On  a  small  sca'e 
lis  of  woollen  cloth  sre  sufficient ;  and  when  the  vessel  is  constructed  of  a 
t  for  practical  use,  this  purpose  is  served  by  the  brick  work  in  which  it  is 
H.  1.  135. 

eonvenient  apparatus  for  drying  precipitates,  &c.  by  steam  is  described  by  Ure.  vrt'%  dryinc 
tin  box,  about  18  inches  long,  12  broad,  and  6  deep,  has  its  bottom  hollowed  a  •pp*»i«»- 
lic  hammer  towards  its  centre,  in  which  a  round  hole  i%  cut  of  6  or  6  inches 
.  Into  this  a  tin  tube,  3  or  4  inches  loujg,  is  soldered.  This  tube  is  made  to 
f  into  the  mouth  of  a  common  tes kettle,  which  has  a  folding  handle.  The 
IS  box  has  a  number  of  circular  holes  cut  into  it,  of  different  diameters,  in 
iporating  capeules  are  placed.  When  the  kettle,  filled  with  water,  and  with 
t  corked,  is  set  on  a  stove,  the  vapour  playing  on  the  bottoms  of  the  capsules, 
B.  lo  any  required  temperature;  and  being  itself  continually  condensra  nms 
tbe  kettle.  The  orifices  not  in  use  may  be  dosed  with  tin  lids.  In  drying 
es,  tbe  tube  of  tbe  glass  funnel  should  be  corked  up,  and  the  funnel  be  placed, 
Utcr,  directly  into  toe  proper  sized  opening.  For  drying  red  cabbage,  violet 
c.  a  tin  tray  is  provided,  which  fits  close  on  the  top  of  the  box,  within  the  riro 
ca  about  it.  The  round  orificea  are  left  open  when  this  tray  is  applied. 
\em.  991.) 
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oool  ■pontaoeously,  a  vacaam  is  produced  in  the  tube,  and  the  piatOQ  is  fiweed 
downwards  bj  the  weight  of  the  atmosphere.  These  appearances  mav  be  altM> 
natcly  produced  by  repeatedly  heating  and  cooling  the  water  in  the  ball  of  the 
instrument. 

In  the  original  steam  engine,  the  vapour  was  condensed  in  the 
cylinder,  as  it  is  in  the  glass  tube ;  but  in  the  engine  as  iniproved  by 
Watt,  the  steam  is  pumped  into  a  separate  vessel,  and  taere  con- 
densed ;  by  which  the  loss  of  heat,  occasioned  by  cooling  the  cylin- 
der every  time,  is  avoided. 

195.  Liquids  assume  the  aeriform  state  much  more  rapidly  under 
a  diminished  pressure,  especially  if  the  vapour  which  is  forined»  be 
condensed  as  soon  as  it  is  produced,  so  as  to  maintain  the  Tacuam ; 
and  the  cold  produced  is  very  great. 

On  this  principle  depends  Leslie's  ingenious  mode  of  freezing 
water,  in  an  atmosphere  of  any  common  temperature,  byproducinga 
rapid  evaporation  from  the  surface  of  the  water  itself.  The  water  to 
be  congealed  is  contained  in  a  shallow  porous  vessel,  which  is  sup- 
ported above  another  vessel,  containing  strong  sulphuric  acid,  or  dry 
chloride  of  calcium ;  or  even  dried  garden  mould  or  parched  oatmeal. 
Any  substance,  indeed,  that  powerfully  attracts  moisture,  may  be 
applied  to  this  purpose.  The  whole  is  covered  by  the  receirer  of  an 
air  pump,  which  is  rapidly  exhausted  ;  and  as  soon  as  this  is  eSected, 
crystals  of  ice  begin  to  shoot  in  the  water,  and  a  considerable  quan- 
tity of  air  makes  its  escape,  after  which  the  whole  of  the  water  b^ 
comes  solid.  The  rarefaction  required  is  to  about  100  times  ;  bat  to 
support  congelation,  after  it  has  taken  place,  20  or  even  10  times  are 
sufficient.  The  sulphuric  acid  becomes  very  warm ;  and  it  is  re- 
markable, that,  if  the  vacuum  be  kept  up,  the  ice  itself  evaporatei. 
In  five  or  six  days,  ice  of  an  inch  in  thickness  will  entirely  disappear. 
The  acid  continues  to  act,  till  it  has  absorbed  an  equal  volume  of  water.* 

In  this  interesting  process,  if  it  were  not  for  the  sulphuric  acid,  an 
atmosphere  of  aqueous  vapour  would  fill  the  receiver ;  and,  pressing 
on  the  surface  of  the  water,  would  prevent  the  further  production  of 
vapour.  But  the  steam,  which  rises,  being  condensed  the  moment  it  if 
formed,  the  evaporation  goes  on  very  rapidly,  and  has  no  limits  but  the 
quantity  of  the  water,  and  the  diminished  concentration  of  the  acid. 

196.  It  is  on  the  same  principle,  that  the  instrument  invented  hjf 
Wollaston,  and  termed  by  him  the  Cryophorug,  or  Froitbmrtr, » 
founded.  (Fig.  46.)  When  an  instrument  of  this  kind  is  well  prepared,  if 
the  empty  ball  be  immersed  in  a  mixture  of  snow  and  salt,  the  watsria 


*  This  beautiful  ezperiment  is  not  successful  with  pumps  on 
the  usual  constructiun.  Pumps  are  now  made  by  Chamberlain  of 
Boston,  which  produce  the  effect  with  ease  and  rapidity.  See 
Frontispiece. 

An  elegant  manner  of  making  the  experiment  is  to  cover  the 
Tessel  of  water  (Fig.  44,  a)  with  a  plate  of  metal  or  glass,  fixed  to 
the  end  of  a  sliding  wire  b,  which  must  pass  throagn  the  neck  of 
the  receiver,  and  be  at  the  same  time  air  tight,  and  capable  of  be- 
ing drawn  upwards.  When  the  receiver  is  ezhaustea,  the  water 
will  continue  fluid,  till  the  cover  is  removed,  when,  in  less  than 
five  minutes,  needle-shaped  crystals  of  ice  will  shoot  through  it, 
and  the  whole  will  soon  become  frozen. 


Fig.  44. 


Effects  of  Evaporation.  ^1 

the  other  ball,  though  at  the  distance  of  two  or  three  feet,  will  be    8«et.ni. 
frozen  solid  in  the  course  of  a  very  few  minutes.* 

197.  The  disappearance  of  heat  that  accompanies  yaporization  was 
explained  by  Black,  in  the  way  already  mentioned  under  the  head  of 
liquefaction,  (177.) 

The  variation  of  volume  and  elasticity  in  vapours  is  attended,  as 
in  gases,  with  a  change  of  specific  heat  and  a  consequent  variation  of 
temperature.  Thus  when  steam,  highly  heated  and  compressed  in  a 
•tfong  boiler,  is  permitted  to  escape  by  a  large  aperture,  the  sudden 
expansion  is  attended  with  a  great  loss  of  sensible  heat :  its  tempera- 
tore  instantly  sinks  so  much,  that  the  hand  may  be  held  in  the  cur- 
rent of  vapour  without  inconvenience.  The  same  principle  accounts 
for  the  fact,  first  ascertained  by  Watt,  that  distillation  at  a  low  tem- 

Crature  is  not  attended  with  any  saving  of  fuel.  For  when  water 
lis  at  a  low  temperature  in  a  vacuum,  the  vapour  is  in  a  highly 
expanded  state,  and  contains  more  insensible  heat  than  steam  of 
greater  density. 

198.  In  many  natural  operations  the  conversion  of  water  into  va- 
pour, and  the  condensation  of  vapour  in  the  form  of  dew  and  rain,  is 
a  process  of  the  utmost  importance,  and  tends  considerably  to  the 
eqaalization  of  temperature  over  the  globe. 

Water,  as  has  been  seen  (192)  in  passing  into  vapour  from  heat, 
abaorbs  caloric  without  increasing  in  temperature ;  this  vapour  as- 
cends in  the  atmosphere  ;  when  the  heat  diminishes,  or  when  wafted 
to  colder  regions,  it  is  condensed,  and  gives  out  the  caloric  it  had  ab-  Tempen- 
aofbed.     In  seasons  or  situations  where  the  cold  becomes  still  more  ^^'V^C^^® 
iDtense,  water  is  congealed ;  and  in  suffering  this  change  it  evolves  Luaiij^ 
caloric  (180)  to  moderate  the  progressive  reduction  of  temperature. 
When  warmth  is  restored,  it  returns  to  the  liquid  state,  absorbs  calo- 
ric, and  retards  the  approaching  heat.     The  transition  of  seasons  is 
thus  moderated  ;  sudden  and  extreme  variations  are  guarded  against, 
and  the  temperature  of  the  globe  everywhere  preserved  more  uni- 
ibnn.    M.  1. 480. 

199.  As  evaporation  goes  on  to  a  certain  extent  even  at  low  tem- 

•It  mav  be  fonned  by  taking  a  glass  tube,  hariog        Fif .  45. 

m  iBtenMU  diameter  about  |tb  of  an  incb.  the  tube  be- 
■a  boit  to  a  right  angle  at  the  distance  ot  half  an  inch 
t— isach  ball  (Fig.  46).  One  of  these  balls  should  be  about 
(4  filled  vHh  water,  and  the  other  should  be  as  perfect  a 

as  ean  leadilv  be  obtained,  the  mode  or  effecting  which  is  well  known  to 


IhoM  aocustomed  to  Mow  glass.    One  of  the  balls  is  made  to  terminate  in  a  capillary 
iriM ;  aad  when  the  water  in  the  other  ball  has  been  boiled  over         Fig.  46. 
a  koip  a  ooDsidtrable  time,  till  all  the  air  is  expelled,  the  capillary 
txtmnitv,  through  which  the  steam  is  still  issuing  with  violence,  is 
bald  im  the  flame  of  the  lamp,  till  the  force  of  the  Tapour  is  so  far 
i^dacsd,  that  the  heat  of  the  flame  has  power  to  seal  it  oermetically. 
^le   •zperimeut  may  be  rendered  eren  more   striking,  if  per- 
fMned  aocordiuff  to  Marcet's  modification  of  it :  the  emptv  oall  cot- 
wsd  with  a  little  moist  flannel,  is  to  be  suspended  in  the  manner 
ihewB  io  Pi^.  46,  within  a  reoeirer,  over  a  sludlow  vessel  of  strong 
lalphnric  acid,  and  the  receiver  is  then  to  be  exhausted.    In  both 
SMss  the  vapour  in  the  empty  ball  is  condensed  by  the  common  opera- 
tion of  cold :  and  the  vacuum  produced  by  this  condensation  gives 
sppartonily  tor  a  fresh  quantity  to  arise  from  the  opposite  ball,  with 
I  pfoportional  reduction  of  the  temperature  of  its  contents. 


62  Caloric. 

Chap.  I.    peratures,  it  is  probable  that  the  atmosphere  is  never  absolutely  free 
from  vapour. 

The  quantity  of  vapour  present  in  the  atmosphere  is  very  variable, 

in  consequence  of  the  continual  change  of  temperature  to  which  the 

'  air  is  subject.     But  even  when  the  temperature  is  the  samei  the 

quantity  of  vapour  is  still  found  to  vary ;  for  the  air  is  not  always  ia 

a  state  of  saturation.     This  variable  condition  of  the  Atmosphere  as 

^^     to  saturation  is  ascertained  by  the  hygrometer. 

ten*""''*'  200.  A  great  many  hygrometers  have  been  invented  >  but  ihey  may 
all  be  referred  to  three  principles.  The  construction  of  the  first  kind  of 
hygrometer  is  founded  on  the  property  possessed  by  some  aubataneet 
of  expanding  in  a  humid  atmosphere,  owing  to  a  deposition  of 
moisture  within  them ;  and  of  parting  with  it  again  to  a  dry  airi  aad 
in  consequence  contracting.  Of  these,  noi^e  is  better  than  the  ho* 
man  hair,  which  not  only  elongates  freely  from  imbibing  moi8tiiio» 
but,  by  reason  of  its  elasticity,  recovers  its  original  length  on  drying; 

Saussure's,  rpj^^  hygrometer  of  Saussure  is  made  with  this  materials 

The  second  kind  of  hygrometer  points  out  the  opposite  states  of 
dryness  and  moisture  by  the  rapidity  of  evaporation.  Water  does 
not  evaporate  at  all  when  the  atmosphere  is  completely  aaturated 
with  moisture ;  and  the  freedom  with  which  it  goes  on  at  *other 
times,  is  in  proportion  to  the  dryness  of  the  air.  The  hygrometrie 
condition  of  the  air  may  be  determined,  therefore,  by  observing  the 
rapidity  of  evaporation.  The  most  convenient  method  of  doing  this 
is  by  covering  the  bulb  of  a  thermometer  with  a  piece  of  silk  or  lineBt 
moistening  it  with  water,  and  exposing  it  to  the  air.  The  descent  of 
the  mercury,  or  the  cold  produced,  will  correspond  to  the  quantity  of 

Leslie's,  vapour  formed  in  a  given  time.  Leslie's  hygrometer  is  of  this  kind. 
The  third  kind  of  hygrometer  is  on  a  principle  entirely  difleient 
from  the  foregoing.  When  the  air  is  saturated  with  vapour,  and  any 
colder  body  is  brought  into  contact  with  it,  deposition  of  moittiue 
immediately  takes  place  on  its  surface.  This  is  often  seen  when  a 
glass  of  cold  spring  water  is  carried  into  a  warm  room  in  tumnier; 
and  the  phenomenon  is  witnessed  in  the  formation  of  dew*  the 
moisture  appearing  on  those  substances  only  which  are  colder  than 
the  air. 

Dew  and         201.  Until  the  experiments  of  Wells*  the  deposition  of  dew  and 

Hoar  frost,  [^q^^^  (^q^x  had  been  supposed  to  depend  entirely  upon  the  reduction 
of  temperature  in  the  air  during  the  night,  and  the  consequent  pre- 
cipitation of  its  moisture  to  the  earth.  Wells  has  shown  that  the 
deposition  of  dew  and  hoar  frest,  is  the  consequence  ef  the  radiation 
of  caloric  from  the  surface  of  the  earth,  and  that,  under  favouraUt 
circumstances,  the  temperature  of  the  ground,  especially  when  its 
covering  is  formed  of  some  substance  that  radiates  freely,  as  graas,  il 
several  degrees  below  that  of  the  atmospheric  stratum,  a  few  feet 
above  it.  It  is  this  diminished  temperature  of  the  earth's  surface, 
that  occasions  the  depositions  of  dew  and  hoar  frost,  which  are 
always  observed  to  be  most  abundantly  formed  under  a  clear  no* 
clouded  sky ;  a  covering  of  clouds  serves  as  a  mantle  to  the  earth, 
and  prevents  the  free  escape  of  radiant  caloric,  hence  the  advantage 
of  snow  and  artificial  coverings  in  protecting  plants. 

*  JSttoy  on  Dew,  <f^ 
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Tbe  temperature  at  which  dew  begins  to  be  deposited  is  called  the    Sectm. 
dew  point,  for  determining  which  a  very  ingenious  instrument  has  Dev  point, 
been  contrived  by  Daniell.^     {Jour.  Royal  Institut,  Vol.  8.) 

302.  *When  different  bodies  are  exposed  to  the  same  sourco  of  Condactiog 
heatt  they  suffer  it  to  pass  through  them  with  very  different  degrees  ^ts  for 
of  Telocity,  or  they  have  various  conducting  powen  in  regard  to  heat,  caloric, 
Among  solid  bodies,  metals  are  the  best  conductors ;  and  silver,  gold, 
tio  and  copper,  are  better  conductors  than  platinum,  iron,  and  lead. 
Next  to  the  metals,  we  may,  perhaps,  place  the  diamond  and  topaz  ; 
then  glass ;  then  siliceous  and  hard  stony  bodies  in  general ;  then 
soft  and  porous  earthy  bodies,  and  wood  ;  and  lastly,  down,  feathers, 
wool,  and  other  porous  articles  of  clothing. 

S03.  To  exhibit  the  general  fact,  small  cones  of  the  different  sub-  ApjMretiit 
stances  may  be  used  about  three  inches  high,  and  half  an  inch  in  y'*^"*^'*" 
diameter  at  their  bases:  these  maybe  tipped  at  the  apex  with  a 
small  piece  of  wax,  and  being  placed  on  a  heated  metallic  plate,  will 
indicate  the  conducting  powers  by  the  relative  times  required  to  fuse 
the  wax,  which  will  be  inversely,  as  the  power  of  conducting  heat.t 

The  difierence  between  the  conducting  power  of  the  diamond  and 
rack  aystal  or  glass,  is  shown  by  applying  the  tongue  to  those  sub- 
stances,  when  the  former  feels  colder  than  the  latter.t 

804.  Romford's  experiments  on  the  conducting  power  of  several  Conducting 
sabatances  used  as  clothing,  offer  some  interesting  results.^     He  ^^^.^^ 
found  that  a  thermometer  enclosed  in  a  tube  and  bulb  of  the  same  gnbttancet. 
shnpe,  but  large  enough  to  allow  of  an  inch  vacant  space  between 
the  twoi  being  previously  heated,  required  576  seconds  to  cool  135^. 
When  16  grains  of  lint  were  diffused  through  the  confined  air,  it 
took  1032  seconds  to  undergo  the  same  change  of  temperature  ;  and 
1305  seconds,  with  the  same  weight  of  eider  down.     The  compres- 
sion of  flix:culent  substances  to  a  certain  extent,  renders  them  still 
inferior  conductors  ;  thus,  when  the  space  which  in  the  above  expe- 
riments contained  16  grains  of  eider  down  was  filled  with  32,  and 
then  with  64  grains,  the  times  required  for  the  escape  of  60  degrees 
of  heat  were  successively  increased   from   1305''  to  1475"  and 
1616 ' '. 

On  the  other  hand  to  show  the  effect  of  mere  texture,  similar  Effect  of 
comparative  trials  were  made  of  the  conducting  powers  of  equaP**^"'*- 
weights  of  raw  silk,  of  ravellings  of  white  taffeta,  and  of  common 
lewing  ailk,  of  which  the  first  has  the  finest  fibre,  the  second  less 
fine,  and  the  third,  from  being  twisted  harder,  is  much  coarser. 

*  A  Int  ezptusiTe  instrument  is  made  by  Pollock,  of  Boston ;  it  is  a  thennometer 
Old  vith  ether,  haTing  two  bulbs  at  tbe  same  extremity  of  tbe  tabe,  tbe  upper  one 
Wof  eoftred  with  raaslin.  When  solnharic  ether  is  dropped  upon  the  muslin,  the 
taiperitars  of  the  two  bulbs  falls,  and  a  deposition  of  dew  becomes  Tisihle  on  the 
mt  tad  exposed  bulb.  The  degree  indicated  by  the  thennometer  at  that  instant  is 
iWdew 


tHiis  experiment  may  be  raried  by  attaching  small  pieces  of  phosphorus  to  the 
«Mt.  Sec  on  this  subject  ingenious  experiments  and  apparatus  oy  Bache,  in  Am, 
^.  zxriiL  380. 

tlVom  the  experiments  of  Mayer,  of  Erlangen,  (Ann.  de  Chim'  tom-  xxz,)  it  would 
yfttt  that  tbe  conducting  powers  of  different  woods  are  in  some  measure  iuTerscly  as 
w specific  graTities,  water  being  assumed  ass  1. 

iPka.  Tram»,  1798. 

•  8sa  dsserlpcion  of  a  Portable  Hygroineur,  Hayes,  to  Jha.  Mmr,  SW.  zriL  3S1. 
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The  difference  between  ihese  three  modifications  of  the  same  sab- 
stance  is  very  striking^,  the  raw  silk  detaining  the  heat  for  1824", 
the  tafieta  ra veilings  1469 ' ',  and  the  silk  thread  only  947 '  '.* 

205.  The  different  conducting  powers  of  bodies  in  respect  to  beat,* 
are  shown  in  the  application  of  wooden  handles  to  metallic  vessels; 
or  a  stratum  of  ivory  or  wood  is  interposed  between  the  hot  vessel  and 
the  metal  handle.  The  transfer  of  heat  is  thus  prevented.  Heat  it 
confined  by  bad  conductors ;  hence  clothing  for  cold  climates  con* 
sists  of  woollen  materials ;  hence,  too,  the  walls  of  furnaces  an 
composed  of  clay  and  sand.  Confined  air  is  a  very  bad  conductor  of 
heat ;  hence  the  the  advantage  of  double  doors  to  furnaces,  to  pre- 
vent the  escape  of  heat ;  and  of  a  double  wall,  with  an  interposed 
stratum  of  air,  to  an  ice-house,  which  prevents  the  influx  of  heat 
from  without. 

206.  From  the  different  conducting  powers  of  bodies  in  respect  to 
heat,  arise  the  sensations  of  heat  and  cold  experienced  upon  ther  ap- 
plication to  our  organs,  though  their  thermometric  temperatare  is 
similar.  Good  conductors  occasion,  when  touched,  a  greater  seoM- 
tion  of  heat  and  cold  than  bad  ones.  Metal  feels  cold  because  it 
readily  carries  off  the  heat  of  the  body;  and  we  cannot  touch  a  piece 
of  metal  immersed  in  air  of  a  temperature  moderate  to  our  sense. 

207.  Liquids  and  gases  are  very  imperfect  conductors  of  heat*  and 
heat  is  generally  distributed  through  them  by  a  change  of  speci6e 
gravity  ;  by  an  actual  change  in  the  situation  of  their  particles. 

Take  a  glass  tube,  ten  or  twenty  inches  long,  and  four  or  m  in  diuiMMr. 
Pour  into  the  bottom  part,  for  about  the  depth  of  five  inches,  water  tinged  with 
litmus,  or  cabbage,  and  fill  up  the  tube  witn  common  water,  jpourinc  on  the  lit- 
ter extremely  gently,  so  as  to  keep  the  two  strata  quite  distmct.  If  the  upper 
part  of  the  tube  be  first  heated,  the  coloured  liquor  will  romain  at  bottom ;  Dot 
if  the  tube  be  aAcrwnrds  heated  at  bottom,  the  infusion  will  ascend,  and  will 
tinge  the  whole  mass  of  fluid. 

A  convenient  method  of  exhibiting  this  has  been  contrived  **  -  * 

by  Hare.  (Fig.  47.)  A  glass  jar,  a}>out  30  inches  in  height,  is 
supplied  with  as  much  colourless  water  as  will  rise  in  it  with- 
in a  few  inches  of  the  brim.  By  means  of  a  tube  descending 
to  the  bottom,  a  small  quantity  of  blue  colouring  matter  is  in- 
troduced beUno  the  colourless  water,  so  as  to  form  a  stratum, 
as  represented  at  A  in  the  annexed  cut.  A  stratum  diflbrent- 
Iv  coloured,  is  fonnod  in  the  upper  part  of  the  vessel,  as  at  B. 
A  tin  cap,  supporting  a  hollow  tin  cylinder,  closed  at  the  bot- 
tom, ana  about  an  inch  less  in  diameter  than  tho  jar,  is  next 
placed  as  it  is  seen  in  the  figure,  so  that  the  cylinder  may  be 
concentric  with  the  jar,  and  descend  about  3  or  4  inches  into 
the  water.  If  an  iron  heater  H  while  red  hot,  be  placed 
within  the  tin  cylinder,  the  coloured  water  about  it  will  soon 
boil ;  but  the  boat  penetrates  only  a  very  small  distance  be* 

low  the  tin  cylinder,  so  that  the  colourless  water,  and  the      

coloured  stratum,  at  the  bottom  of  the  vessel,  remain  undisturbed,  and  do  wd^ 
mingle.  But  if  an  iron  ring  b  be  placed  while  red  hot,  upon  the  iron  stuid  wUck 
surrounds  the  jar  at  8,  S,  the  liquid  soon  rises,  in  beautifiil  cloudi,  antil  it  cs* 
counters  the  warmer  and  lighter  particles  which  had  been  in  contact  with  tbf 
tin  cvlinder.t 


Exp. 


Fill  a  jar  with  hot  water ;  and  place  a  cake  of  ice  on  the  surface  of  the 
Tho  ice  will  soon  be  melted.    This  experiment  is  the  more  striking,  if  the  wticr 

*  Aiken's  Diet.  art.  Caloric. 

t  Prom  Hare.*s  Engrarityn  and  dcacripHon  of  Oiemieal  Apparahu,  9^,  VwH  l*(i 
page  41. 
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laod  for  formiiig  the  rake  of  ice,  be  previously  coloured  with  litmua ;  for,  the     8«t.  m. 
lenronding  rurreDtn  of  cold  water  are  thus  made  apparent.  jT     7 

Subntitutiuff  water  of  the  teinp«>niture  of^^  for  tnc  boiling  water  used  in  this  ^^j^j^ 
'iperinicnt,  Rnnifurd  fimnd,  that,  in  a  given  time,  a  much  greater  quantity  ^^meniM, 
€6  was  melted  by  the  cooler  water.  This  appears,  on  first  view,  rather  para- 
loiical.  The  fiict,  however,  is  explained  by  the  remarkable  property  of  water, 
riz.  that  when  cooled,  below  4(N,  it  ceases  to  contract,  and  experiences  on  the 
'ODtrary,  an  enlargement  of  bulk.  Water,  therefore,  at  4(F  (at  the  bottom  of 
vluch  IS  a  moss  of  ice  at  38^,)  is  cooled  by  contact  with  the  ice,  and  is  expan- 
led  at  the  same  moment.  It  therefore  ascends,  and  is  replaced  by  a  heavier  and 
irvmer  portion  from  above. 

206.  It  is  a  consequence  of  the  same  property,  that  the  surface  of 
a  deep  lake  is  sometimes  covered  with  ice,  even  when  the  water  be- 
ow  is  only  cooled  to  40^;  for  the  superficial  water  is  specifically  light- 
er than  the  warmer  water  beneath  it,  and  retains  its  place,  till  it  is 
.'hanged  into  ice.  This  property  of  water  is  one  of  the  most  remark- 
ible  exceptions  to  the  law  of  expansion.  (153-) 

209.  From  the  fact  that  heat  applied  to  the  upper  surface  of  water, 
irill  with  difficulty  make  its  way  downwards,  (207),  Rumford  was 
ioduced  to  deny  that  water  could  conduct  at  all. 

Let  an  air  thermometer  be  cemented  into  a  glass  funnel  sup-  pi-.  4g^ 

pofted  as  repreHented  in  Fig.  48  ;  rover  tlic  bulb  of  the  instni- 
ment  with  water,  and  upon  the  surface  of  the  water  pour  a 
■Dsll  quantit}'  of  ether.  The  ether  may  ho  iuflaroed  and  the  air 
tbemometer  will  not  be  sensiblv  affected. 
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210.  The  inference  that  water  is  a  complete  non* 
eooductor  of  caloric  has  been  contradicted  by  the  sub- 
•eqaeni  inquiries  of  Hope,  Thomson,  and  Murray. 
Though  they  all  admit  that  water  and  liquids  in 
general,  mercury  excepted,  possess  the  power  of  con- 
Ittcting  caloric  in  a  very  slight  degree.  The  follow-  i  u 
iog  experiment  made  by  Murray  has  been  deemed  con-  I  /K 
elusive.                                                                             f^^     A 

If  we  carefully  pour  hot  oil  upon  water  in  a  tall  glass  jar,  with  delicate  ther-  „ 
iWMneters  placed  at  different  diMtances  under  the  surface,  it  will  be  found  that  ^'^' 
tliose  n<-ar  the  heated  surface  indicate  increase  of  temperature. 

It  Blight  here  be  said  that  the  heat  was  conducted  by  the  sides  of 
the  jar,  and  so  communicated  to  the  water;  to  obviate  such  objection 
Murray  made  the  experiment  in  a  vessel  of  ice,  which  being  con- 
verted into  water  at  32^,  cannot  convey  any  degree  of  heat  above 
32*  downwards ;  yet  the  thermometers  were  affected,  as  in  the  for- 
mer trial.* 

211.  It  is  extremely  difficult  to  estimate  the  conducting  power  of  ^^riform 
airiform  fluids.     Their  particles  move  so  freely  on  each  other,  that  flaids. 
the  moment  a  particle  is  dilated  by  heat,  it  is  pressed  upwards  with 

great  velocity  by  the  descent  of  colder  and  heavier  particles,  so  that 
an  ascendinfi^  and  descending  current  is  instantly  established.  Be- 
tides, these  bodies  allow  a  passage  through  them  by  radiation. 

212.  There  is  yet  another  mode  by  which  heat  passes  from  one  Radiation, 
body  to  another ;  and  as  it  takes  place  in  all  gases,  and  even  in 

ticuo,  it  is  inferred  that  the  presence  of  a  medium  is  not  necessary 
lo  its  passage.  This  mode  of  distribution  is  called  Radiation  of 
Heat,  and  the  heat  so  distributed  is  called  Radiant,  or  Radiated  Heat, 
A  heated  body  suspended  in  the  air  cools,  or  is  reduced  to  an  equili- 

*  Se«  Uattber's  Experiments  in  Amer.  Jour,  qf  Sei.  m.  3S8. 
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brium  with  surrounding  bodies,  in  three  ways ;  first,  by  the  conduct- 
ing power  of  the  air,  the  influenoa  of  which  is  very  trifling ;  secondly, 
by  the  mobility  of  the  air,  in  contact  with  it ;  and  thirdly,  by  radiation. 

213.  Radiant  caloric  passes  from  a  hot  body  in  all  directions  in  right 
lines,  like  radii  drawn  from  the  centre  to  the  circumference  of  a  ciicle. 

When  these  rays  fall  upon  the  surface  of  a  solid  or  liquid  snlh 
stance,  they  may  be  disposed  of  in  three  diflerent  ways.  By  lefleo 
tion,  by  absorption,  and  by  transmission. 

In  the  first  and  third  cases  the  temperature  of  the  body  on  which 
the  rays  fall  is  altogether  unafiected,  whereas  in  the  second  it  it  in- 
creased. 

214.  Radiation  in  the  air-pump  vacuum,  may  be 
shown  by  igniting  charcoal,  by  means  of  the  Voltaic 
battery,  placed  in  the  focus  of  a  small  mirror  con- 
fined in  the  exhausted  receiver  of  the  air-pump. 
Davy  found  that  the  receiver  being  exhausted  to  yj^, 
the  efiect  upon  the  thermometer  in  the  opposite  focus 
was  nearly  three  times  as  great  as  when  the  air  was 
in  its  natural  state  of  condensation.  Fig.  49,  a  is  the 
receiver}  b  b  the  insulated  wires  connected  with  the 
voltaic  apparatus  igniting  the  charcoal  in  the  focus  of 
the  upper  mirror  c.  In  the  focus  of  the  lower  mirror 
d  is  the  thermometer  e. 

215.  The  radiation  of  heat  by  hot  bodies  is  singularly  influenced 

by  the  nature  and  condition  of  their  surfaces,  a  circumstance  which 

was  first  examined  by  Leslie."^ 

He  made  use  of  a  canister  of  planished  block  tin,  forming  a  cube  of  ai  or 
ci|^ht  inches,  having  an  orifice  at  the  middle  of  its  upper  side.  This  ovifioe  r^ 
ceived  a  cap  having  a  small  hole,  through  which  a  thermometer  was  inicited,ao 
that  its  bulb  reached  the  centre  of  the  canister.  One  side  of  the  canister  he 
covered  with  black  paint ;  dcstro^'cd  the  polish  of  another  side,  by  scratchipg  it 
with  sand-paper ;  tarnished  a  third  with  quicksilver ;  and  left  the  fourth  fari^t 
The  vessel  was  filled  with  boiling  water.  The  radiation  of  caloric  from  the 
blackened  side  was  so  much  more  abundant  than  from  the  other8|  aa  to  be  evea 
sensible  to  the  hand.  He  olaced  it  before  a  reflector  (Fig.  51)  in  lieu  of  the  beat* 
ed  iron  ball  described  (220.)  The  thermometer,  in  the  focus  of  the  aecond  re- 
flector, indicated  the  highest  temperature,  or  most  copious  radiation  of  cekne, 
when  the  blackened  sicie  was  presented  to  the  reflector ;  less,  when  the  laniisb* 
•d  or  scratched  side  was  turned  towards  it ;  and  least  of  all  from  the  poUabed 
■de.t 


raius. 
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*  Eatay  on  Heat,  1804. 

t  The  annexed  figure  represents  an  ingenious  and  much  better  apparatot  Ibr  jihaw- 
BmIm'i  app^  ing  the  different  absorbing  and  radiatinjg  powers  of  diflerent  saifaoes.  A  prisarf 
'"""  anr  convenient  number  of  sides,  is  made  into  an  air  thermometer,  by  pladaf  a  gta 

tube  in  it  through  a  conical  opening  which  can  be  made  air 
tight ;  the  sides  are  varioasly  coatM.  This  is  made  to  fit 
loosely  into  a  prism  of  the  same  form,  but  wantin?  one  side. 
To  show  the  aifierent  absorbing  powers  of  the  diflerent  sub- 
stances, the  vessels  are  placed  as  in  the  figure,  before  another, 
A,  containing  hot  water,  hot  sand  or  any  other  convenient 
source  of  heat.  If  the  side  of  the  air  thermometer  which  is 
the  worst  absorbent  of  heat  is  exposed  to  the  source  of  heat, 
the  air  within  is  expanded,  and  the  position  of  the  liquid  in 
the  tube  is  marked  by  the  mdex ;  a  octter  absorbent  is  ex- 
posed, and  the  liquid  rises  higher  ;  a  worse  and  it  falls  below 
Its  original  level.  The  outer  sheath  protects  the  sides  which 
aie  not  intended  to  be  expcwed,  from  the  radiation  of  the  ves- 
•el  A  and  eqaalizes  the  radiatioa  from  the  surfaces  not  ex-  a 
posed.  ^ 

To  show  Ihl  ladiatin^  powers  of  the  surfaces,  the  sheath  is  tamed 
side  is  expoeed  to  the  air.— Bache  in  Amer,  Jour,  xxviii.  SS6. 
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It  follows  from  these  researches  that  velocity  of  radiation  de«    Stc^  n^- 
lore  on  the  surface  than  the  nUatance  of  a  radiating  body :  InfereDctt. 
most  imperfect  radiators  are  to  be  sought  among  those  bodies 
ire  highly  smooth  and  bright,  sach  as  polished  gold,  silver, 
brass ;  but  that  these  same  metals  radiate  freely  when  their 
less  and  polish  are  destroyed,  as  by  scratching  their  surfaces 
lie,  or  covering  them  with  whiting  or  lampblack.     A  metal- 
ce  seems  adverse  to  radiation  independently  of  its  smooth- 
ice  a  highly  polislied  piece  of  glass  radiates  far  better  than 
Ily  polished  metallic  surface.     Scratching  a  surface  probably 
radiation  by  multiplying  the  number  of  radiating  points. 
Some  interesting  experiments  by  Stark  of  Edinburgh  have  stark's 
d,^  illustrative  of  the  connexion  between  radiation  and  the  expeh- 
f  surfaces.     The  bulb  of  a  delicate  thermometer  was  sue-  "•"■*■• 
f  surrounded  by  equal  weights  of  difierently  coloured  wool,         % 
iced  in  a  glass  tube,  heated  by  immersion  in  hot  water  to 
id  then  cooled  to  50*  in  cold  tvater.     The  times  of  cooling 
minutes  with  black  wool,'26  with  red  wool,  and  27  with 
'ool.     Concurring  results  were  obtained  with  flour  of  difler- 
urs.     Likewise,  black  wool  was  found  to  collect  more   dew 
equal  weight  of  white  wool,  other  circumstances  bein^  alike, 
the  first  time  that  direct  experiments,  seemingly  unexception- 
▼e  been  made  in  proof  of  the  influence  of  colour  over  radia- 

Tt  has  been  known  for  ages  that  the  heat  contained  in  the  Refl«ciion 
ys  admits  of  being  rf^c/tf2  by  mirrors,  and  a  like  property  *^  <*^**"<^' 
^  since  been  recognized  in  the  rays  emitted  by  red-hot  bo- 
at that  heat  emanates  in  invisible  rays,  which  are  subject  to 
e  laws  of  reflection  as  those  that  are  accompanied  by  light, 
Jem  discovery,  noticed  indeed  by  Lnmbert,  but  first  decisive- 
•lished  by  Saussure  and  Pictet  of  Geneva.  (220) 
reflection  of  heat  may  be  shown  by  standing  at  the  side  of  a 
uch  a  position  that  the  heat  cannot  reach  the  face  directly, 
n  placing  a  plate  of  tinned  iron  opposite  the  grate,  and  at  such 
ination  as  permits  the  observer  to  see  in  it  the  reflection  of 
:  as  soon  as  it  is  brought  to  this  inclination,  a  distinct  im- 
I  of  heat  will  be  perceived  upon  the  face.  If  a  line  be  draiTD 
radiatin$r  substance  to  the  point  of  a  plane  surface  by  whidh 
t  are  reflected,  and  a  second  line  from  that  point  to  the  spot 
ts  beating  power  is  exerted,  the  angles  which  these  lines  form 
ine  perpendicular  to  the  reflecting  plane  are  called  the  angles 
fence  and  reflection,  and  are  invariably  equal  to  each  other. 
ITS  from  this  law,  that  when  a  heated  body  is  placed  in  the 
fa  concave  parabolic  reflector,  the  diverging  rays  which  strike 
assume  a  parallel  direction  with  respect  to  each  other ;  and 
len  these  parallel  rays  impinge  upon  a  second  concave  reflec* 
iding  opposite  to  the  former  they  are  made  to  converge,  so  as 
together  in  its  focus.  Their  Qnited  influence  is  thus  brought 
upon  a  single  point. 


*  Edin.  PkU.  TroiM.  Pvt  II.  1SS3. 
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Ch>p.L  219.  Those  surfaces,  that  reflect  light  most  perfectly  are  not  equal- 
ly adapted  to  the  reflection  of  caloric.  Thus,  a  glass  mirror,  wnicfc 
reflects  light  with  great  eflect  when  held  before  a  blazing  fire,  scarce* 
ly  returns  any  heat,  and  the  mirror  itself  becomes  warm.  On  the 
contrary,  a  polished  plate  of  tin,  or  a  silver  spoon,  when  similarly 
placed  reflects,  to  the  hand,  a  very  sensible  degree  of  warmth ;  abd 
the  metal  itself  remains  cool.  Metals,  therefore,  are  mach  bettei 
reflectors  of  caloric  than  glass  ;  and  they  possess  this  property,  ex- 
actly according  to  their  degree  of  polish. 
Pictet's  ex-  220.  Caloric  is  reflected  according  to  the  same  law  that  regalatei 
perimenu.  the  reflection  of  light.  This  is  proved  by  an  interestins^  experimem 
of  Pictet ;  the  means  of  repeating  which  may  be  attained  at  a  moder 
ate  expense. 

Provide  two  refloctora  of  planished  tin,  (a  and  6,  Fig.  51),  which  may  be  12 
inches  diameter,  and  segments  of  a  sphere  of  nine  inches  radius.  Puabolie 
mirrors  are  still  better  adapted  to  the  purpose,  but  their  conotruction  is  less  ett^. 
Each  of  these  must  be  furnished,  on  its  convex  side,  with  the  means  of  auppoit- 
ing  it  in  a  perpendicular  position  on  a  proper  stand.  Place  the  mirrors  oppoati 
to  each  other  on  a  table,  at  the  distance  of  from  6  to  12  feet.  Or  they  msy  bs 
placed  in  a  horizontal  position,  as  represented  in  the  fourth  plate  to  Dttvr'i 
Cktmical  PhUosaphyj  an  arrangement  in  some  respects  more  convenieiit.   In 

Fig.  51. 


the  focus  of  one,  let  the  ball  of  an  air  thermometer,  or  (which  is  still  better) 
of  the  balls  of  a  differential  thermometer,  be  situated  ;  and  in  that  of  the  other, 
suspend  a  ball  of  iron,  about  four  ounces  in  weight,  and  heated  below  iglutioa, 
or  a  small  niatrasS  of  hot  water ;  having  previously  interposed  a  screen  beftie 
the  thermometer.  Immediately  on  withdrawing  the  screen,  the  depreMon  of 
the  column  of  liquid,  in  the  air  thermometer,  evinces  an  increase  of  teiiipsm> 
tUre  in  the  instrument. 

In  this  experiment,  the  caloric  flows  flrst  from  the  heated  ball  to 
the  nearest  reflector  ;  from  this  it  is  transmitted,  in  parallel  rays,  to 
the  surface  of  the  second  reflector,  by  which  it  is  collected  into  a  fo- 
cus on  the  instrument.     This  is  precisely  the  course  that  is  fdlowfd 
by  radiant  light ;  for  if  the  flame  of  a  taper  be  substituted  for  the 
iron  ball,  the  image  of  the  candle  will  appear  precisely  on  that  spot, 
(a  sheet  of  paper  being  presented  for  its  reception,)  where  iheiayf 
of  caloric  were  before  concentrated- 
Apparent        ^^*  When  a  glass  vessel,  filled  with  ice  or  snow,  is  sufastitatod 
reflection  of  for  the  heated  ball,  the  course  of  the  coloured  liquid  in  the  the^ 
^^'  mometer  will  be  precisely  in  the  opposite  direction  ;  for  its  ascent 

will  show,  that  the  air  in  the  ball  is  cooled  by   this   arrangement 
This  experiment,  which  appears,  at  flrst  view,  to  indicate  the  refleo- 
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ion  of  cold,  presents,  in  fact,  only  the  reflection  of  heat  in  an  op-    ^•c^-ni. 
x>site  direction ;  the  hall  of  the  thermometer  heing,  in  this  instance, 
he  hotter  body. 

222.  From  what  has  been   said  concerning  the  communication  Practical 
ind  radiation  of  heat,  and  of  the  circumstances  that  influence  the  ^"^' 
leating  and  cooling  of  bodies  in  these  different  ways,  many  useful 
practical  observations  may  be  drawn.    Water  continues  much  longer 
nrarm  in  a  resplendent  than  in  a  blackened  vessel.     Hence  metallic 

ines,  with  their  surfaces  polished,  are  employed  for  holding  warm 
irater,  when  we  wish  it  to  retain  its  heat  for  some  time.  It  is  a 
MMnmon  remark,  that  tea  is  more  easily  infused  in  a  silver  than  in 
la  earthen  tea-pot,  which  was  at  one  time  supposed  to  be  owing  to 
lome  property  of  the  metal  itself,  but  which  is  now  accounted  for  by 
the  laws  of  radiation,  the  bright  metallic  surface  giving  forth  fewer 
rays  than  the  other,  and,  of  course,  cooling  the  water  less  slowly. 
A  metal  is,  however,  a  good  conductor ;  it  is  of  advantage  therefore, 
to  have  not  only  a  bad  radiator,  but  also  a  bad  conductor,  that  the 
beat  given  off  from  the  surface  by  radiation,  may  be  slowly  sup- 
plied from  the  interior.  Hence  the  frequent  use  of  earthen  ware 
covered  with  metallic  matter,  for  holding  warm  fluids,  as  for  jugs 
and  tea-pots,  the  earthen  ware  being  a  bad  conductor,  and,  by  hav- 
ing its  surface  resplendent,  becoming  also  a  bad  radiator,  by  which 
little  heat  is  given  off. 

223.  When,  on  the  contrary,  we  wish  to  cool  a  fluid  quickly, it  must 
be  put  into  a  vessel  which  is  a  good  conductor,  as  a  metallic  one,  and 
with  its  surface  blackened,  to  make  it  a  good  radiator.  In  conveying 
heated  air,  or  steam,  from  one  place  to  another,  with  the  view  of 
beating  apartments,  the  tube  ought  to  be  made  of  bright  metal,  as 
tinned  iron,  that  there  may  be  little  heat  lost  before  the  air  reaches 
the  place  to  be  warmed.  When,  on  the  contrary,  the  steam  is  to  be 
condensed,  the  tubes  ought  to  be  made  of  blackened  metal,  as  sheet 
iron,  so  that  a  great  deal  of  caloric  may  be  given  off,  both  by  radia- 
tion and  by  communication. 

224.  When  we  have  to  guard  a  body  from  heat,  we  cannot  employ 
a  belter  protector  than  a  plate  of  bright  metal.  Thus,  in  erecting  a 
stove  near  woodwork,  the  latter  ought  to  have  a  sheet  of  tinned  iron 
placed  near  it,  but  not  in  contact  with  it,  by  which  the  greater  part  of 
the^ys  sent  off  from  the  stove  are  reflected.  Should  the  metal  it- 
self become  warm,  the  layer  of  air  between  it  and  the  wood,  being  a 
very  bad  conductor,  prevents  in  a  great  measure  the  transmission  of 
the  heat.  Should  stone  be  employed  as  the  protector,  it  should  be 
whitened,  so  that  it  may  absorb  as  few  of  the  rays  as  possible. 

225.  As  the  reflecting  power  is  materially  influenced  by  the  na- 
ture of  surfaces,  the  absorptive  power  must  be  so  likewise.  Those 
qualities  of  a  surface  which  increase  reflection  are  to  the  same  extent 
Mverse  to  absorption ;  and  those  which  favour  absorption  are  pro- 
portionally injurious  to  reflection.*  Colour  has  considerable  influ- inflMMt  of 
eoce,  as  is  shown  by  the  following  very  simple  experiment  of^^^^^^r. 
Franklin. 

Ob  t  winter's  day,  when  the  jpround  w  covored  with  snow,  take  four  pieces  of  Exp. 
*oollen  cloth,  of  equal  dimensions,  but  of  ditferent  colours,  viz.  black,  blue, 

^  Stc  RitchM*s  ezpthments.  Jour,  Roy,  hui,  ▼.  SOS. 
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Chip.  I.  brown,  and  white,  and  lay  them  on  the  surface  of  the  snow,  in  the  immediate 
neighbourhood  of  each  other.  In  a  few  hours,  the  black  cloth  will  have  wnk 
considerably  below  the  surface  ;  the  bide  almost  as  much ;  the  brown  eyideiitl]f 
less;  and  the  white  will  remain  precisely  in  its  former  situation. 

Thus  it  appears  that  the  sun's  rays  are  absorbed  by  the  .dwik  co- 
loured cloth,  and  excite  such  £l  durable  heat,  as  to  melt  the  snow  on* 
derneath ;  but  they  have  less  power  of  penetrating  the  while. 
Hence  the  preference,  generally  given  to  dark  coloured  clothefl  da- 
ting  the  winter  season,  and  to  light  coloured  ones  in  summer,  appears 
to  be  founded  on  reason. 
Researchei  226.  The  dependence  of  th6  absor|;)tive  power  for  simple  hent  (m 
colour  has  not  till  lately  been  noticed.  From  researches  by  Starir,it 
seems  that  differently  coloured  ^ools  wound  upon  the  bulb  of  a  ther- 
mometer, and  exposed  within  a  glass  tube  to  hot  water,  To^e  from  Sff 
to  170^  in  the  following  times, — ^bkck  wool  in  4'  30^,  dark  green  h 
5>,  scarlet  in  5'  30",  white  in  &'. 

227.  An  interesting  connexion  has  been  traced  by  Nobili  and  lid- 
loni  between  the  absorbing  and  conducting  power  of  surfaces,*  and 
their  researches,  if  free  from  fallacy,  justify  the  inference  that  the 
radiating  and  absorbing  powers  of  surfaces  for  simple  heat  are  iathe 
inverse  order  of  their  conducting  powers,     t.  il. 

228.  Radiant  heat  passes  with  perfect  freedom  through  a  TacQinft. 
The  air  iind  gaseous  substances  present  but  a  feeble  barrier  to  its 
progress ;  so  feeble,  indeed,  that  the  degree  of  impediment  ^hidl 
Ihey  occasion  has  not  yet  been  appreciated.     Transparent  media  of 
a  denser  kind,  on  the  contrary,  such  as  the  diamond*  rock-crystal, 
glass,  and  Water,  even  in  thin  strata,  greatly  interfere  with  its  pt^ 
sage,  and  when  in  moderately  thick  masses  intercept  it  altogether. 
This  last  remark,  however  is  only  applicable  to  simple  heat,  that  is^ 
to  heat  unassociated  with  light.     The  solar  rays  pass  readily  through 
the  substance  of  glass,  both  heat  and  light  being  refractea  in  thdlr 
passage,  as  is  shown  by  the  operation  of  a  borning^glass  or  lens; 
and  though  modi  of  the  heat  emitted  by  the  flame  of  a  lamp,  or  t 
red  hot  ball  of  iron,  is  arrested  by  glass,  many  calorific  rays  are  di- 
rectly transmitted  along  with  the  light.     But  the  rescrit  is  different 
when  the  heated  body  is  not  luminous.     Leslie  denied  that  any  ra^ 
of  simple  heat  can  pass  by  direct  transmission  through  glass,  aM 
Brewster  has  supported  this  opinion  by  an  argnment  suggested  by  his 
optical  researches.!    Several  ingenious  experiments  haVe  been  made 
on  this  subject  by  Ritchie ;  and  it  has  lately  been  examined  by 
Nobili  and  Melloni  with  the  aid  of  their  thermo-multtplier.    AH 
these  experimenters  concur  in  the  belief  of  direct  transmission.  The 
total   effect  from  this  catise  is,  however,  very  small ;    and  wU 
screens  of  moderate  thickness  it  is  wholly  imperceptible. 

Hrat  polar-     229.    The  recent  experiments  of  Forbesi  have  established  the 

polarization  of  heat  under  all  the  circumstances  in  Which  tight  is 

polarized,  namely,  by  reflection,  transmission,  and  double  reftaetiofi.t 

Theories  of     230.  The  tendency  which  all  bodies  evince  to  attain  an  eqoi- 

radiauon.   jj^y  ^^  temperature  by  means  of  radiation,  has  given  rise  to  two  in* 

genious   theories,  suggested   respectively  by   Pictet  and   PrevoiL 


*  An.de  Chim.  et  de  Phy.  xlTiii.  198.  t  PhU,  TranM.  1816,  p.  106. 
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ing  to  the  former,  bodies  of  equal  temperature  do  not  radiate  ^^•cf  ^v* 
and  when  the  temperature  is  unequal,  the  hotter  give  calo- 
79  to  the  colder  bodies  till  an  equilibrium  is  established,  at 
noment  the  radiation  ceases.  PreTost,  on  the  contrary,  con- 
radiation  to  go  on  at  all  times,  and  from  all  substances,  whe- 
«ir  temperature  were  the  same  or  different  from  that  of 
iding  objects.*  Consistently  with  this  view,  the  temperature 
ly  falls  whenever  it  radiates  more  heat  than  it  absorbs ;  its 
iture  is  stationary  when  the  quantities  emitted  and  received 
al ;  and  it  grows  warm  when  the  absorption  exceeds  the  radi- 

A  hot  body  surrounded  by  others  colder  than  itself,  affords 
ince  of  the  first  case  ;  the  second  happens  when  all  the  sub- 
within  the  sphere  of  each  other's  radiation  have  the  same 
Iture ;  and  the  third  occurs  when  a  body  is  introduced  into  a 
bich  is  warmer  than  itself.     Of  these  theories  the  preference 
geperallv  accorded  to  the  latter.     Most  of  the  phenomena  of 
n,  indeed,  admit  of  a  satisfactory  explanation  by  both  ;  but,  on 
>le,  the  theory  of  Prevost  is  more  generally  applicable,  t.  12. 
The  sources  of  heat  maybe  reduced  to  six.     1.  The  sun.  Soaroes  of 
bustion.     3.  Electricity.     4.  The  bodies  of  animals  during  b«*t. 
•  Chemical  action.     6.  Mechanical  action.     All  these  means 
iring  a  supply  of  heat,  except  the  last,  will  be  more  conve- 
considered  in  other  parts  of  the  work.     The  mechanical  me- 
exciting  heat  is  by  friction  and  percussion. 

Nothing  is  known  of  the  nature  or  cause  of  heat.     It  hasNatnreof 
f  some  considered  as  a  peculiar  fluid,  to  which  the  terra  **•■*• 

has  been  applied  ;  and  many  phenomena  are  in  favour  of 
itence  of  such  a  fluid.  By  others,  the  phenomena  above  de- 
have  been  referred  to  a  vibratory  ^notion  of  the  particles  of 
varying  in  velocity  with  the  perceived  intensity  of  the  heat. 
I  and  gases  the  particles  are  conceived  to  have  a  motion  round 
m  axes.  Temperature,  therefore,  would  increase  with  the 
of  the  vibrations  ;  and  increase  of  capacity  would  be  produced 
notion  being  performed  in  greater  space.  The  loss  of  tem- 
},  during  the  change  of  solids  into  liquids  and  gases,  would 
upon  loss  of  vibratory  motion,  in  consequence  of  the  acquired 
f  motion. 

I  the  other  hypothesis,  temperature^  is  referred  to  the  quantity 
k  present;  and  the  loss  of  temperature,  which  happens  when 
change  their  state,  depends  upon  the  chemical  combination  of 
ric  with  the  solid  in  the  case  of  liquefaction,  and  with  the 
1  the  case  of  conversion  into  the  aeriform  state,     b. 


Section  IV.     Of  Light. 

The  minute  investigation  of  the  laws  of  light  belongs  to 
tical  Philosophy  ;  it  is  however  requisite  that  some  of  them 
partially  be  considered  as  bearing  upon  important  questions 
lical  inquiry, 
phenomena  of  vision  are  produced  either  by  bodies  inherent-  vitioo. 

*  ReckerdieM  no*  ^  Cfto/nir. 
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Chap  I'    ly  luminous,  such  as  the  sun,  the  fixed  stars,  and  incaodescent  sub- 
stances; or  they  are  referable  to  the  reflection  of  light  from  the  aur- 
faces  of  bodies. 
Lieht  ^^*  '^^^  manner  in  which  the  eye  is  aflfected  by  luminous  bodiei 

trautmiued  shows  that  light  is  transmitted  in  right  lines,  and  every  right  line 
ip  right      drawn  from  a  luminous  body  to  the  eye  is  termed  a  ray  of  lights  and 
as  a  congeries  of  rays  possesses  the  same  properties  as  the  single 
ray,  the  same  abstract  term  is  frequently  employed  to  designate  the 
congeries. 
Refraetion.      ^^'  Newton  first  discovered  that  certain  bodies  exercise  on  ligk 
a  peculiar  attractive  force.     When  a  ray  passes  obliquely  from  air 
into  any  transparent  liquid  or  solid  surface,  it  undergoes  at  entranos 
an  angular  flexure,  which  has  been  called  refrojUion.     The  refrac^ 
tion  is  towards  the  perpendicular  when  the  ray  passes  into  a  denser 
medium,  and/rom  the  perpendicular  when  it  passes  into  a  rarer  me- 
dium.    The  medium  in  which  the  rays  of  light  are  caused  to  ap> 
proach  nearest  to  the  line  perpendicular  to  its  surface,  is  said  to  have 
the  greatest  refractive  density. 
Rafractive       It  was  found  by  Newton,  that  unctuous,  or  inflammable  bodies  oc* 
power  of     casioned  a  izreater  deviation  in  the  luminous  rays  than  their  attrac* 
ble  bodies,  ^^^^  mass,  or  density  gave  reason  to  expect.     Hence  be  coojectarsd, 
that  both  diamond  and  water  contained  combustible   matter.     Ob> 
servation  has  since  shown  that  oils  and   other  highly   inflammt' 
ble  bodies,  such  as  hydrogen,  diamond,  phosphorus,  sulphur,  amberi 
olive  oil  and  camphor,  have  a  refractive  power  which  is  from  two  to 
seven  times  greater  than  that  of  incombustible  substances  of  equal 
density. 
Maybe  ^6*  The  refractive  power  of  the  same  inflammable  substance  bean 

used  as  a  a  proportion  to  its  perfection,  insomuch  that  this  property  may  be  used 
purity,^*****'  as  a  test  of  its  purity.  Thus  Wollaston  found  that  genuine  oil  of 
cloves  has  a  refractive  power  of  1,535,  while  that  of  an  inierior 
quality  did  not  exceed  1,498. 
Depeodson  The  density  of  bodies  is  not  the  only  circumstance  that  afiecU 
^^^^f"^^'  ^^^^^  refractive  power;  it  also  depends  on  their  chemical  nature, 
as  well  as  ^^^  ^^^^  ^^^  refractive  power  of  bodies  we  may  in. many  cases  inlsr 
density,      their  chemical  constitution. 

Of  com-  237.  The  refractive  power  of  compounds  is  not  the  mean  dedoced 

the meanof ^'^^"^  that  of  their  components;  which,  however,  it  generally  is  io 
that  of  their  mere  mixtures. 

oonsittu  238.  When  the  rays  of  light  arrive  at  the  surfaces  of  bodies,  a  part 

Reflected    ^^  them,  and  sometimes  nearly  the  whole,  is  thrown  back,  or  r^lfK^ 

light.  ted,  and  the  more  obliquely  the  light  falls  upon  the  surface,  tke 

greater  in  general  is  the  reflected  portion.     In  these  cases  the  angle 

of  reflection  is  always  equal  to  the  angle  of  incidence. 

Let  a  a  reprcnent  pencils  of  light  falling  upon  the 
sitiftee  of  a  polished  piece  of  glass  fi,  the  perpendicu-  ^\    d\      /^  \ 

lar  jMDcil  will  pass  on  in  a  straight  line  to  a. 

Of  the  oblique  pencil,  one  portion  will  enter  the 
flaai  and  suffer  refraction  towards  the  perpendicu* 
lar  as  at  6,  and  re-entering  the  atmosphere,  it  will  bend 
from  the  perpendicular,  and  re-assumo  its  former  di- 
rection, as  at  t.  Another  portion  of  the  oblique  pencil 
will  be  reflected  at  an  angle  equal  to  that  of  its  inci- 
dence, as  at  s. 
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239.  When  a  ray  af  light  passes  through  an  oblique  angular  crys-   Sect,  iv. 
Uine  body»  it  exhibits  peculiar  phenomena;  one  portion  is  refracted 
.  the  ordinary  way ;  another  sufiera  extraordinary  refraction,  in  a 
•ne  parallel  to  the  diagonal  joining  the  t«'o  obtuse  angles  of  the 
ystal ;  so  that  objects  seen   through   the  crystal   appear  double,  fraction!* 
ransparent  rhomboids  of  carbonate  of  lime»  or  Iceland  crystal,  ex- 
ibic  this  phenomenon  of  dauMe  refraction  particularly  distinct. 
If  a  ray  of  light,  which  has  thus  suffered  double  refraction,  be  re-^^jj^^^y^ 
ired  by  another  crystal,  placed  parallel  to  the  first,  there  will  be  ordinary  * 
>  new  division  of  the  rays ;  but  if  it  be  placed  in  a  transverse  di-  refraction. 
clion,  that  part  of  the  ray  which  before  suffered  ordinary   refrac- 
m  will  now  undergo  extraordinary  refraction,  and  reciprocally  that 
hich  underwent  extraordinary  refraction  now  suffers  ordinary  re- 
action. 

If  the  second  crystal  be  turned  gradually  round  in  the  same  plane » Refracting 
ben  it  has  made  a  quarter  of  a  revolution,  there  will  be  four  di- power 
•ions  of  the  ray»  and  they  will  be  reduced  to  two  in  the  half  of  the  ^^ent^up- 
Tolation ;  so  that  the  refracting  power  appears  to  depend  upon  on  some 
ime  relation  of  the  position  of  the  crystalline  particles.  position  of 

940.  When  light  is  reflected  from  bodies,  it  retains,  under  many  p^iclet. 
rcumstances,  its  former  relations  to  the  refractive  power  of  trans- 
irent  media  ;  but,  in  certain  cases,  at  angles  differing  for  different 
ibatances,  the  reflected  rays  exhibit  peculiar  prop)erties,  analogous 
tboae  which  have  suffered  extraordinary  refraction.  Thus,  if  the 
line  of  a  taper  reflected  at  an  angle  of  52**  45'  from  the  surface  of 
sler»  be  viewed  through  a  piece  of  double  refracting  spar,  one  of 
e  images  will  vanish  every  time  that  the  crystal  makes  a  quarter 
m  revolution. 

241.  When  a  ray  of  light  is  made  to  fall  upon  a  polished  glass  j^^^^^  ^^ 
rface,  at  an  angle  of  incidence  of  35°  25',  the  angle   of  refleniou  inciHenc« 
ill  be  equal  to  that  of  incidence.     Let  us  snppo:<e  another  plate  of  «?"»•  t"*'*^ 
lis  so  placed  that  the  reflected  ray  will  fall  upon  it  at  the  same  JlJJtfon.  '*' 
igle  of  35^  25' ;  this  second  plate  may   be   turned  round    its   axis 
ilhout  varying  the  angle  witich  it  makes  with  the  ray  that   falls 
ion   it.      A   curious   circumstance    is   observed    as    this   second  Curioas  in- 
ass  is  turned  round.     Suppose  the  two   planes   of  reflection  to  be  f(,"7ran[. 
irallel  to  each  other*  in  that  case  the  my  of  light  is  reflected  from  mi««inn 
c  second  glass  in  the  same  manner  as  from  the  first.     Let  the  sec-  ^P^  rpfltc- 
id  glass  be  now  turned  round  a  quadrant  of  a  circle,  so  as  to  make  \*^^ 
e  reflecting  planes  perpendicular  to  each  other  :  now,  the  whcle  of 
«  ray  will  pass  through  the  second  glass,  and   none  of  it  will  be 
iflscted.     Turn  the  second  glass  round  another  quadrant  of  a    cir- 
b,sn  as  to  make  the  reflecting  planes  again  parallel,  and  the  rav 
rill  again  be  reflected.     When    the   second  glass   is  turned   round, 
^ree  qtiadrants,  the  light  will  be  again  transmitted,  and   none  of  it 
eflected.     Thus,  when  the  refletuing  planes  arc  parallel,  the  light  is 
tteled,  but  when  they  are  perpendicular  the  light  is  transmitted. 
Oiis  experiment  proves,  that,  under  certain  circumstances,  li^^ht  can 
Jwctrate  through  glass  when  in  one  position,  but   not  in  another.  f|°J,""'** 
rhis  curious  fact  was  first  observed  by  Mains,  who  accounted  for  it 
^  apposing  the  particles  of  light  to  have  assumed  a  particular  po- 
ntioa  as  a  needle  does  when  under  the  influence  of  a  magnet,  and 

10 


74  lAghi. 

Oh>p  L  hence  he  called  this  property  of  light,  its  Polarization.^  It  hu 
since  been  studied  with  laborious  diligence  by  Brewster,  and  bj 
Arago  and  Biot.t 

242.  That  a  sunbeam,  in  passing  through  a  dense  fnedium,  and 
jj^^j^'*'     especially  through  a  triangular  prism  of  glass^  gives  rise  to  a  aeries 
of  brilliant  tints  similar  to  those  of  the  rainbow,  was  known  in  the 
earliest  ages,  but  it  required  the  sagacity  of  Newton  to  develop  the 
Prismaiie    cause  of  the  phenomenon.     He  inferred,  that  light  consists  of  njt 
colours,      differing  from  each  other  in  their  relative  refrangibilities  ;  and,  gui- 
ded by  their  colour  considered  their  number  as  seven  :  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet.t     If  the  prismatic  coloart,or 
spectrum,  be  divided  into  360  equal  parts,  the  red  rays  will  occupy 
45  of  these  parts,  the  orange  27,  the  yellow  48,  the  green  60i  toe 
blue  60,  the  indigo  40,  and  the  violet  80.     Of  these  rays   the  red 
being  least  refrangible,  fall  nearest  that  spot  which  they  would  have 
passed  to,  had  they  not  been  refracted ;  while  the  violet  rays  being 
most  refrangible,  are  thrown  to  the  greatest  distance  ;  the  interme- 
diate rays,  possess  mean  degrees  of  refrangibiliiy. 
Newton's        ^^^'  These  differently  coloured  rays,  when  collected  into  a  focus 
theory  of     reproduce  white  light.     Upon  these  phenomena  is  founded  the  New- 
coloura,      tonian  theory  of  colours^  which  supposes  them  to  depend  upon  the 
•   absorption  of  all  rays,  excepting  those  of  the  colour  observed. 

244.  If  a  solar  beam  be  refracted  by  a  prism,  and  the  coloured 
image  received  upon  a  sheet  of  paper  it  will  be  found,  on*  moving 
the  band  gently  through  it,  that  there  is  an  evident  difference  in  the 
heating  power  of  the  rays.     Englefield,  Davy  and  others,  affirmed 
with  Hcrschel,  that  the  heat  is  greatest  beyond  the  red  ray  ;   whik 
others  contend  that  it  is  in  the  red  my  itself.     The  observations  of 
Seebeck't    Seebeck^  have  explained  these  contradictory  statements,  by  showing 
eiperi-       that  the  point  of  greatest  heat  varies  with  the  kind  of  prism  employ- 
■Tn^'-i      ®^'     These  results  have  been  confirmed  by  Melloni,  who  has  sue- 
«  o>"**    ceeded  with  a  prism  of  rock  salt  in  separating  the  spot  of  maximum 
heat  from  the  coloured  part  of  the  spectrum  by  a  much  greater  in- 
terval than  had  been  done  previously.     The   facts   that   have  been 
arrived  at,  go  far  to  prove  that  most,  if  not  nil,  of  the  heating  pow- 
er ascribed  to  light,  is  due,  not  to  the  absorption   of  luminous  rayii 
but  to  that  of  the  heat  by  which  they  are  accompanied. 
I  floeiMM         ^^^  Light  possesses  considerable  influence^over  the  chemical  en- 
over  the     ergies  of  bodies.     If  a  mixture  of  equal  volumes  of  the  gases  called 
chemical     chlorine  and  hydrogen  be  exposed  in  a  dark  room,  they  slowly  com- 
bodwi!"      ^'"^'  ^^^^  produce  hydrochloric  acid  gas  ;  but,   if  exposed  to  the  di- 
rect rays  of  the  sun,  the  combination  is  very  rapid,  and  oAen  accom- 
panied by  an  explosion. 


*  See  Flecher't  ElemenU  <{f  Natural  PkUotophy^  page  336.    Thornton^ 
I.  p.  16. 

tPAt/.  TVoTU.  1S13,  IS14,  IStS,  1816, 1817.— ^nn.  dt  Chim,  torn.  M.  TVbW  A 
Phy$. 

t  Wollaston  foaod,  however,  that  wheo  a  beam  of  light  ooly  70-th  of  an  inch  hnai 
is  receired  by  the  eye,  at  the  distance  of  ten  feet,  through  a  clear  prism  of  flint  glan, 
only  four  colours  are  seen,  viz.  red,  yellowish  green,  blue,  and  violet*  Biewttw  hat 
proved  that  the  colours  of  the  spcctruin  are  occasioned  by  threj  simplt  primafynit 
viz.  the  red,  yellow  and  blue. 

f  Edin.  Jour,  q/  Sbi.  I,  368. 
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Chlorine  and  carbonic  oxide  have  scarcely  any  tendency  to  con^  Sectiv. 
bine,  even  at  high  temperatures,  when  light  is  excluded,  but  exposed 
to  the  solar  rays  they  enter  into  chemical  union.  Chlorine  has  lit« 
tie  action  upon  water,  unless  exposed  to  light,  and,  in  that  case,  the 
water,  which  consists  of  oxygen  and  hydrogen,  is  decomposed.  The 
hydrogen  unites  with  the  chlorine  to  produce  hydrochloric  acid,  and 
the  oxygen  is  evolved  in  a  gaseous  form. 

246.  These,  and  numerous  other  similar  cases,  show  that  solar  ProdHcet 
light  influences  the  chemical  energies  of  bodies,  independent  of  its  chemical 
heating  powers.  Many  important  facts  have  been  ascertained  by  Ritter,  ^  ***! 
WoUaston,  and  Davy.     Scheele*  threw  the  prismatic  spectrum  upon 

a  shaet  of  paper,  moistened  with  a  solution  of  nitrate  of  silver,  a  salt 
quickly  decomposed  by  the  agency  of  light.  In  the  blue  and  violet 
Tiys  the  silver  was  soon  reduced,  producing  a  blackness  upon  the 
paper,  but  in  the  red  ray  scarcely  any  similar  effect  was  observed. 
Wollaston  and  Ritter  discovered  that  these  chemical  changes  were 
moat  rapidly  eflfected  in  the  space  which  bounds  the  violet  ray,  and 
which  is  out  of  the  visible  spectrum. 

Havy  has  observed,  that  certain  metallic  oxides,  when  exposed  to 
the  violet  extremity  of  the  prismatic  spectrum,  undergo  a  change 
similar  to  that  which  would  have  been  produced  by  exposure  to  a 
carrent  of  hydrogen  ;  and  that  when  exposed  to  the  red  rays,  the)^ 
acquire  a  tendency  to  absorb  oxygen.t 

247.  The  more  refrangible  rays  of  light  have  been   thought  to  Magnet- 
poaaess  the  property  of  rendering  steel  or  iron  magnetic.     This  pro-  ^"»  "»y»- 
perty  was  announced  by  Morrichini  of  Rome;  but  as  the  experiment 

did  not  succeed  in  other  hands,  the  subject  was  involved  in  some  de- 
gree of  uncertainty.  The  fact,  however,  appeared  to  be  established 
by  Mrs  Somerville  of  London,  in  1826,  who  gave  an  accouqf  of  her 
researches  to  the  Royal  Society.  Since  that  period  the  suUect  has 
been  re-examined  by  Riess  and  Moser.  They  object  to  Mrs  Somer- 
▼ille*a  results,  that  her  method  of  ascertaining  the  magnetic  slate  of 
the  needles  used  in  the  experiments,  was  not  sufficiently  precise : 
they  deny  the  supposed  magnetizing  power  of  light.t 

248.  The  comparative  intensities  of  light  are  measured  by  the  in-  Photome- 
strument  called  a  Photometer :  that  which  is  known  as  Leslie's  is  t«r- 
coostructed  on  the  principle  that  light,  in  proportion  to  its  absorption, 
producea  heat.     It  is  merely  a  very  delicate  and  small  difierential 
thermometer,  enclosed  in  a  thin  and  pellucid  glass  tube.     One  of  the 

bolbs  18  of  black  glass,  which,  when  the  instrument  is  suddenly  ex- 
posed to  light,  becoming  warmer  than  the  clear  bulb,  indicates  the 
effiKt  by  the  depression  of  the  fluid.^  From  the  experiments  of 
Turner  and  Christison  this  instrument  does  not  appear  applicable  to 
lights  which  differ  in  colour,  because  the  relation  between  the  heat- 
ing and  illuminating  power  of  such  light  is  exceedingly  variable. 
Thus,  the  light  emitted  by  burning  cinders  or  red-hot  iron,  even  after 
passing  through  glass,  contains  a  quantity  of  calorific  rays,  which  is 
oat  of  all  proportion  to  the  luminous  ones  ;  and,  consequently,  they 
mmy  and  do  produce  a  greater  efiect  on  the  photometer,  than  some 

*  Kxperiwkenta  on  Air  and  FHrtf  p.  78,  &e.  t  BUmenU  qfChem,  PhiL 

t  Bdm.  Jvw.qfSd.  S,  StfS.  f  Leslie  on  Heait  p.  414. 


76  Light. 

Chap.  L    lights  whose  illuminating  powers  are  far  stronger.     Leslie  conceiTed 

that  light  when  absorbed  is  converted  into  heat ;  but  according  to 

the  experiraenis  already  referred  to,  the  effect  miust  be  attributed,  nuc 

so  much  to  the  light  itself,  as  to  the  absorption  of  the  calorific  rays 

by  which  it  is  accompanied.     A  difierenlial  thermometer,  contaiDing 

the  vapour  of  ether,  may  also,  in  certain  experimeots  be  adraDta* 

geously  used  as  a  Photometric  Thermometer.^ 

Perfect  249.  In  nature  the  influence  of  the  solar  rays  is  very  'Complex,  aud 

Tegetmtioa  t|,g  growth,  colour,  flavour,  and  even  the  forms  of  many  vegetables, 

the  inflo-    ct^e  much  dependent  upon  them.     This  is  seen  in  many  plants  whkh 

ence  of       are  protected  from  the  sun's  rays  :  celery  and  endive  are  thus  eait>- 

Mlar  lays,  y^^ed  with  the  view  of  rendering  them  palatable  ;t  and  plants  whkh 

are  made  to  grow  in  a  room  imperfectly  illuminated,  always  bend 

towards  the  apertures  by  which  the  sun's  rays  enter.     The  changes 

too  which  vegetables  enect  upon  ihe  circumambient  atmosphere  are 

influenced  by  the  same  cause. 

250.  In  the  animal  creation,  brilliancy  of  colour  and  gaudy  plu- 
mage belong  to  the  tropical  climates ;  more  sombrous  tints  distin- 
guish the  polar  inhabitants  ;  and  dull  colours  characterize  nocturnal 
animals,  and  those  who  chiefly  abide  below  the  surface. 

251.  When  bodies  are  rendered  luminous  by  elevation  of  tem- 
perature, the  light  which  they  emit  often  appears  dependent  upon  the 
heat  to  which  they  are  subjected,  and  the  common  terms  red'kotnni 
white-hot  are  used  to  designate  those  appearances.  There  are,  how- 
ever, certain  bodies,  which,  at  high  temperatures,  are  remarkabb 
for  the  quantity  and  extreme  brilliancy  of  their  light,  independent  of 
actual  combustion ;  this  is  the  case  with'  several  of  the  earths,  but 
more  especially  with  lime,  a  small  ball  of  which,  ^  inch  in  diameter^ 

mond*t       being  ignited  in  the  flame  of  alcohol  urged  by  oxygen  gas,  emits 
light.         light,  living  abogt  thirtyseven  times  the  intensity  of  an  Argand's 
lamp>]^grner.t 

262.  There  are  many  substances  which,  when  heated  to  a  certain 
point,  ^come  luminous  without  undergoing  combustion,  and  such 
Phoepbo.    ^^*®*  ^'■^  s^i^  ^0  ^  phosphorescent.  The  temperatures  which  they  Wh 
retoeot       quire  fpr  this  purpose  are  various  ;  it  generally  commences  at  anoot 
bodies.       400^,  and  may  be  said  to  terminate  at  the  lowest  visible  redness.  Some 
varieties  of  phosphate  of  lime,  of  fluor  spar,  of  bituminous  carbonate 
of  lime,  of  marble,  and  sand,  and  certain  salts,  are  the  most  remarka- 
ble bodies  of  this  description.^     Their  luminous  property  may  bs 
best  exhibited  by  scattering  them  in  coarse  powder  upon  an  iron 
plate  heated  nearly  to  redness.     Oil,  wax,  spermaceti,  and  butter^ 
when  nearly  boiling,  are  also  luminous. 
SoUrphoi-     ^^'  '^"^^^^^  ^^^^  ^^  phosphorescent  bodies  has  been  termed 
phori. ■ 

*  BniDde,  Pha.  Trans.  18S0.  A  photometer  has  been  described  by  Rhcliie,  is  thi 
Quart.  Jour.  toI.  19,  p.  299.  For  a  description  of  RomfoM's  Photometer,  tee  PML 
Trans,  vol.  84.  It  determines  the  compantiTe  strength  of  Ughu  by  a  compatisaa  d 
their  shadows. 

t  The  process  is  termed  etioUUion^  or  blanching. 

X  Drummond,  in  Phil.  Trans.  1886.    See  figure  and  description  of  his  •' 
m  Brewster's  Edin.  Jour.  qfSeu  v. 

§  Wadgewood,  PkiL  TVtms.  vol.  82. 
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9olmr  pko9ph)rij  from  becoming  luminous  when  removed  into  a  dark  .J^SLlIi 
room  after  having  been  exposed  to  the  sunshine."^     Of  this  descrip* 
tion  are  Canton's,  Baldwin's,  and  the  Bolognian  phosphorus.t 

254.  A  third  set  of  bodies,  belonging  to  this  class,  are  those  which  Spontane- 
arc  spontaneously  phosphoresccTit.     Such  are,  especially,  the  flesh  of  o"«  pho«- 
salt-water  fish  just  before  it  putrefies,  and  decayed   wood.     The^Q^** 
ghw^worm  and  the  lantemrfty  are  also  luminous  when  alive ;  and 
the  hundred  legged  toorm,  and  some  others,  shine  brilliantly  when 
irriuted.t     (See  Bost.  Jour.  2,  101.) 

26tL  Percussion  and  friction  are  often  attended  by  the  evolution  of  yght  from 
light,  as  when  flint  pebbles,  pieces  of  sugar,  and  other  substances,  are  percuMion 
•truck  or  rubbed  together.     The  crysuUlization  of  some  substances,  °' '"*^'^°"- 
as  beDzoic  acid,  and  acetate  of  potassa  has  been  found  to  be  attended 
with  similar  phenomena.^ 

256.  From  experiments  in  which  air  has  been  intensely  heated,  it  Airin- 
bas  been  concluded  that  gaseous  matter  is  incapable  of  becoming  lu- capable  of 
mioous;  for,  though  the  temperature  of  air  be  such  as  to  render  wlSIi!!!? 
solid  bodies  white-hot,  it  does  not  itself  become  visible.ll     Flame, 
however,  may,  in  general,  be  regarded  as  luminous  gaseous  matter. 
Hydrogen  gas,  probably,  furnishes  the  purest  form  of  flame  which 

can  be  exhibitea ;  for  the  flames  of  bodies  which  emit  much  light, 
derive  that  power  from  solid  matter  which  is  intensely  ignited  and 
diffused  through  them,  and  which,  in  ordinary  flames,  as  of  gas, 
tallow,  wax,  oil,  &c.  consists  of  finely  divided  charcoal. 

257.  The  intensity  of  the  heat  of  flames  which  are  but  little  lumi-  u^y^^  ^^^ 
11008,  as  of  hydrogen  gas,  spirit  of  wine,  dec  may  be  shown  by  tempera- 
introducing  into  them  some  fine  platinum  wire,  which  is  instantly  '"^  ^^ 
leodeied  white-hot  in  those  parts  where  the  combustion  is  most  per- 
fect.    It  is  even  intensely  ignited  in  the  current  of  air  above  the 

*  Fnr  pnetica]  directiona  for  obserriog  the  phosphorescence  of  bodies,  see  Faraday's 
Ckemieat  ManifnUatum. 

t  Caiitoo%  pbosphoras  is  prepared  thus  .* — Calcine  oyster-shells  in  the  open  fire  for 
half  aa  boor,  then  select  the  whitest  and  largest  pieces  and  mix  them  with  one  third  ^uild?''***' 
their  vei^bt  of  flowers  of  salphur,  pack  the  mixture  closely  into  a  coTered  crucihle, 
•ad  heat  it  to  redness  for  an  hour.  When  the  whole  has  cooled,  select  the  whitest  pieces 
fcraae^ 

Raldvtats  pboaphoras  is  prepared  bT  heating  nitrate  of  lime  to  a  dull  red  heat,  so  as  , 

to  ftrm  it  iaio  a  compact  mass :  and  the  Boingnian  phosphorus,  discovered  by  Vincen-  £  B^ofLrJla 
BO  Caaeaholo,  a  shoemaker  of  Bnlo^oa,  is  made  by  reducing  compact  sulphate  of  ba-  pbeapiH>nM. 
ryia  to  a  6oe  powder,  which  is  formed  into  cakes  with  mucilage,  and  these  are 
Waled  londatss.t 

Wilna  has  also  made  a  variety  of  curious  experiments  on  solar  phospbori ;  and  ha 
ba  dtteovared  the  simplest  and  moat  eflectual  of  these  bodies,  whicn  may  l>e  obtained  !!|[J|!f?|L'*' 
Vf  doady  olMarviiig  the  following  directions :— Take  the  most  flaming  coals  off  a  brisk  p*'^"*'^ 
Ht,  and  throw  in  some  thick  oyster  shells ;  then  replace  the  coals,  and  calcine  them 
Car  an  hoar ;  remoTe  them  carenitl  *  •». .    i-      ,  ,^  .    ^ 

iifthcB  tar  a  few  aunutes  to 
fnaastic  ooloura.t 

t  It  appeara  from  the  experiments  of  Canton  and  of  Hulme.f  that  sca-fisb  become 
MaoBi  io  ahoat  twelve  hoars  after  death,  that  it  increasestill  putrefaction  is  evident, 
^  iWa  it  decreases.  Immertion  in  sea- water  does  not  affect  this  luminous  matter ; 
**tW  eoatrary,  the  brine  is  itself  rendered  luminous ;  but  it  is  extinguished  by  pure 
*Utr,aod  l>y  a  variety  of  substances  which  act  chemically  upon  the  animal  matter. 

tlnwalw'a  JbMma/,  3,  MS.  ||  Wedgewood,  Phil.  Trant.  1792. 


ihitly,  and,  when  cold,  it  will  be  found  that  after  expos- 
the  light,  they  will  glow  in  the  dark,  with  most  of^the 


IML  TVaafc  Vol.  68.       ^  kikin^  Diet,  vu  Pkupk^ri.      t  Wilson  oo  MMpftwi  p.  Sa 

$  no.  IVaas.  Tola.  Uz.  xc.  snd  sbL 
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chap«  I.  flame,  as  may  be  shown  by  holding  a  piece  of  platinum  wire  over 
the  chimney  of  an  Argand  lamp  fed  with  spirit  of  wine;  the  high 
temperature  of  this  current  is  also  exhibited  by  the  common  expedi- 
ent of  lighting  paper  by  holding  it  in  the  heated  air  which  roshes 
out  of  a  common  lamp-glass.  - 

The  high  temperature  of  flame  is  further  proved  by  certain  cases 
of  combustion  without  flame.  Thus,  if  a  heated  wire  of  platiqam  be 
introduced  into  any  inflammable  or  explosive  mixture,  Fif.M. 
it  will  become  ignited,  and  continue  so  till  the  gas  is 
consumed ;  but  inflammation  will,  in  most  cases,  only 
take  place  when  the  wire  becomes  white-hot. 

£zp*  Thin  experimoDt   is  easily  made  by  pouring  a  amall   quantity 

of  ethor  into  the  bottom  of  a  deep  winc-glaas,  or,  what  ia  better* 

aglaM  Y088el,  like  that  representedfin  Fig.  53,  and  suapeoding  in 

it  a  coil  of  heated  platinum  wire  so  as  to  be  a  little  above  the 

surface  of  the  ether;   the  wire   becomes   red    hot,  but  does  not 

inflame  the  vapour  of  the  ether  till  it  acquires  an  intense  white 

heat. 

Fli,64. 

Rrp  The  same  fact  is  exhibited  by  putting  a  small  coil  of  fine  platinum 

wire  round  the  wick  of  a  spirit  lamp,  (Fig.  54,)  whicn,  when 

heated,  becomes  red  hot,  and  continues  so,  as  long  as  the  vapour 

oi  the  spirit  is  supplied,  the  heat  never  becoming  sufficiently  in* 

tense  to  produce  its  inflammation. 

25S.  Such  being  the   nature   of  flame,  it  is   obvi- 
ous, that  if  we  cool  it  by  any  means,  we  must  at  the         

same  time  extinguish  it.  This  may  be  eflfected  by  causing  it  to  pass 
through  flne  wire  gauze,  which  is  an  excellent  conductor  aod  radii- 
tor  of  heat,  and  consequently  possessed  of  great  cooling  power. 

«  If  a  piece  of  fine  brass  or  iron  wire>gauze  be  brought  down  upon  the  flame  oTa 

^'  candle,  or  what  answers  better,  upon  an  inflamed  jet  of  oil  gas,  it  will,  as  it 

were,  cut  the  flame  in  half  That  the  cool  gaseous  matter  passes  through,  may 
be  shown  by  again  lighting  it  upon  the  upper  surface. 

Effect  of         1*^6  power,  therefore,  of  a  metallic  tissue  thus  to  extingaish 

wire  gauze  flame,  will  depend  upon  the  heat  required  to  produce  the  combustion, 

on  flame.    ^^  compared  with  that  acquired  by  the  tissue  ;  and  the  flame  of  the 

most  inflammable  substances,  and  of  those  that  produce  most  heat  in 

combustion,  will  pass  through  a  metallic  tissue  that  will  internipttlie 

flame  of  less  inflammable  substances,  or  those  that  produce  little  beat 

in  combustion  ;  so  that  diflerent  flames  will  pass  through  at  difleient 

degrees  of  temperature. 

DaTv's  ^^'  '^^®  discovery  of  these  facts,  respecting  the  nature  andprofh 

^i^-'t^        erties  of  flame,  led  Davy  to  apply  them  to  the  construction  of  ths 

lamp.         Miners'  safety  lamp,  which  will  be  explained  under  the  article  Id^ 

Carburetted  hydrogen  gas. 

Theory  of       ^^^-  ^^^  phenomena  exhibited  by  phosphorescent  and  incande^ 

pho!»pho-     cent  bodies,  and  in  the  process  of  combustion,  have  sometimes  been 

rescence      explained  upon  the  idea  that  the  light  and  heat  evolved  were  pie* 

descence?    viously  in  combination  with  the  substances,  and  that  they  are  aiW- 

wards  merely  emitted,  in  consequence   of  decomposition ;  and  thst 

the  solar  phosphori  absorb  light  and  again  give  it  out   unchanged; 

but  the  fact,  that  the  colour  of  the  light  emitted  is  more  dependent 

on  the  nature  of  the  phosphorescent  body  than  on  the  colour  of  the 

light  to  which  it  was  exposed,  seems  inconsistent  with  this  explans- 
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lion.     Chemical  action  is  not  connected  with  the   phenomena  ;  for    8*ct.  Y. 
the  phosphori  shine  in  vacuo,  and  in  gases  which  do  not  act  on  them, 
and  some  even  under  water.* 


Section  V.    Electricity* 

261.  The  term  electricity  is  derived  from  the  Greek  wordAXfxr^i',  Electrical 
,  on  account  of  the  properly  which  this  substance  was  known  excitement. 

to  possess  of  attracting  light  substances  when  rubbed.  If  a  piece  of 
sealing-wax  and  of  dry  warm  flannel  be  rubbed  against  each  other, 
thev  both  become  capable  of  attracting  and  repelling  light  bodies. 
A  dry  and  warm  sheet  of  paper,  rubbed  with  India  rubber,  or  wool- 
leu,  or  a  tube  of  glass  rubbed  upon  silk,  exhibit  the  same  phenomena. 
Id  these  cases  the  bodies  are  said  to  be  electrically  excited;  and 
when  in  a  dark  room,  they  appear  luminous. 

262.  If  two  pith-balls  be  electrified  by  touching  them  with  the  RepaUion 
tealing-wax  or  with'  the  flannel,  they  repel  each  other;  but  if  one™*"™*' 
pith-ball  be  electrified  by  the  wax,  and  the  other  by  the  flannel,  thry 
tUtrad  each  other.     The  same  applies  to  the  glass  and  silk. 

If  one  ball  be  electrified  bv  sealing-wax  rubbed  by  flannel,  and 
aoother  by  silk  rubbed  with  glass,  those  balls  will  repel  each  other. 
Bot  if  one  ball  be  electrified  by  the  sealing-wax  and  the  other  by  the 
glass,  they  then  attract  each  other.t 

263.  The  terms  vitreous  and  resinous  electricity  were  applied  to  Dnfiy't 
these  two  phenomena.     According  to  Dufay  the  vitreous  and  resi-  tbtory. 
Dous  electricities  are  distinct;  an  unexcited  body  contains  both  in  a 
state  of  combination  or  neutralization,  and  cannot,  therefore,  exhibit 

any  electrical  attractions  or  repulsions.  But  friction  disturbs  this 
combioation,  or  electric  equilibrium,  causing  the  vitreous  electricity 
to  accumulate  in  one  body  and  the  resinous  in  the  other.  They  are 
both  consequently  in  an  excited  state,  and  continue  to  be  so  till  each 
lecovers  that  kind  of  electricity  which  it  had  lost. 

A  difierent  explanation  wns  proposed  by  Franklin,  which  is  found- Franklio'i 
ad  OQ  the  supposition  that  there  is  only  one  kind  of  electricity.  '^^^^T^* 
When  bodies  contain  their  natural  quantity  of  electricity,  they  do 
not  manifest  any  electrical  phenomena  ;  but  they  are  excited  either 
br  an  increase  or  diminution  in  that  quantity.  Thus  on  rubbing  a 
pKce  of  glass  with  a  woollen  cloth,  the  electrical  condition  of  both 
substances  is  disturbed ;  the  former  acquires  more,  the  other  less 
than  its  natural  quantity.  These  diflferent  slates  were  expressed  by 
the  terms  plus  nnd  viinus,  or  positive  and  negative j  the  first  corres- 
ponding to  the  vitreous,  the  second  to  the  resinous  electricity  of 

^SmD«t|'s  ElemerUt  1,213,  &c.— Marrey*s  System  I,  570— lire's  Did.  article 
CWwiu    Hare  in  Amer.  Jour.  ii.  12,  &c.— Turoer's  ElemenU,  69. 

tThaae  ezperimeots  are  conTenientljr  performed  with  a  large  downy  feather  sui- 
Haded  bj  a  cirj  thread  of  white  tilk. 

t  At  writtra  on  chemittry  coatioue  to  use  the  terms  potUive  aod  negative^  they  arc 
■Mncaioti. 
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ter. 
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Condncton 
and  non- 
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Electricity 
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through 
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No  con- 
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Some  sub- 
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tric by  heat. 
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using  elec- 
trical ma- 
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264.  Very  delicate  pith-balls,  or  strips  of  gold  leaf,  are  fig. 
usually  employed  in  ascertaining  the  presence  of  electricity ; 
and,  by  the  way  in  which  their  divergence  is  affected  by  glass 
or  sealing-wax,  the  kind  or  state  of  electricity  is  judged  of- 
VVhen  properly  suspended  or  mounted  for  delicate  experi- 
ments, they  form  an  electrometer  or  electroscope.  (Fig.  55.) 
For  this  purpose  the  slips  of  gold  leaf  are  suspended  by  a 
brass  ci|p  and  wire  in  a  glass  cylinder;  they  hang  in  contact 
when  in-electrified;  but  when  electrified  they  diverge.* 

265.  The  kind  of  electricity  by  which  the  gold  leaves  are  diversi^d 
may  be  judged  of  by  approaching  the  cap  of  the  instrument  vrim  a 
stick  of  excited  sealing-wax ;  if  it  be  negative  the  divergence  will 
increase  ;  if  positive,  the  leaves  will  collapse,  upon  the  principle  of 
the  mutual  annihilation  of  the  opposite  electricities,  or  that  oodiet 
similarly  electrified  repel  each  other,  but  that  when  dissimilarly 
electrified  they  become  mutually  attractive. 

266.  Some  bodies  suffer  electricity  to  pass  readily  along  their  aar- 
faces,  and  are  called  conditclors.  Others  only  receive  it  upon  the 
spot  touched,  and  are  called  imperfect  or  non-conductors.  They  are 
also  called  insulatorsA  The  metals  are  all  conductors  ;t  dry  mir, 
glass,  sulphur,  and  resins,  are  non  conductors.  Water,  damp  woodi 
spirit  of  wine,  damp  air,  and  some  oils  are  imperfect  conductors. 

Rarefied  air  admits  of  the  passage  of  electricity  ;  so  does  the 
Torricellian  vacuum. 

267.  There  appears  to  be  no  constant  relation  between  the  stats 
of  bodies  and  their  conducting  powers ;  among  solids,  metals  sis 
conductors,  but  gums  and  resins  are  non  •conductors ;  among  liquids, 
strong  alkaline,  acid,  and  saline  solutions,  are  good  bonducton; 
pure  water  is  an  imperfect  conductor,  and  oils  are  non-conductora; 
wax  and  many  other  solids  are  imperfect  conductors,  but  when  fused 
are  good  ones.  Conducting  powers  belong  to  bodies  in  the  most  op- 
posite states ;  thus  the  fiame  of  alcohol,  and  ice,  are  equalljr  good 
conductors.^  Glass  is  a  non-conductor  when  cold,  but  conducts  wbes 
red-hot;  the  diamond  is  a  non-conductor,  but  pure  and  well  burned 
charcoal  is  among  the  best  conductors. 

26d.  There  are  many  mineral  substances  which  show  signs  of 
electricity  when  heated,  as  the  tourmalin,  topaz,  diamond,  boracite, 
&c. ;  and  in  these  bodies  the  diflferent  surfaces  exhibit  difierent  eke* 
trical  states.  II 

269.  When  an  electrical  machine  is  in  good  order,  and  the  il- 
mosphtre  dry,  it  produces  a  crackling  noise  when  the  plate  or  cylis- 
der  is  turned,  and  flashes  or  sparks  of  light  are  seen  upon  Tariooi 


*  For  other  forms  see  Turner's  Chmt,  81. 

t  The  inmlation  of  substances  is  frequently  required  in  electro-cb^mieal  —^ 
ments ;  a  plate  of  mica  is  the  best  substance  tor  the  purpose,  then  a  plate  of  rsni  0t 
wax,  or  in  their  absence,  a  plate  of  warm  glass.    FxaraJay, 

t  Of  the  metals.  Harris  found  silver  and  copper  to  bo  the  best  eondoctora,  mhI  thti 
these  gold,  zinc,  platinum,  iron,  tin,  lead,  antimony,  and  bismuth. — Phil.  Tram,  ISV. 
Part  1,31. 

f  Biot,  Traits  de  Physique^  lorn.  ii.  p.  213. 

II  For  a  descrintion  of  Electrical  machines  and  a  more  fnll  account  of  Electiidtr. 
tee  Cambridge  A'o^.  PhU,  tol.  3,  Fischer's  ElemenU  <^Nat,  PhU.  p.  IM.  Bna»^ 
Chem.  69. 
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:he  gfass  passing  from  the  cushioD  to  the  conductor ;  if  thet    '^"ct^  v. 
be  held  near  the  conductor,  sparks  pass  to  it  through  some 
'  air,  with  a  peculiar  noise,  and  excite  slightly  painful  sen- 
the  part  upon  which  they  are  received.     It  is  conjectured 
»use  of  the  light  thus   perceived,  is  the   sudden  compres- 
he  air  or  medium  through  which  the  electricity  passes,  and^^^ 
lys  probably  attended  by  a  proportionate  elevation   of  tem- 
as  is  shown  by  the  power  of  the  spark  to  inflame  spirit  of 
minating  silver,  and  other  easily  inflammable  compounds. 
Another  cause  of  excitement  is  proximity  to  an  electrified 
ich  has  a  tendency  to  indtice  an  electrical  state  opposite  to 
Thus  an  excited  stick  of  sealing-wax  attracts  ligat  bodies 
inity.  and  occasions  them  to  be  positively  electrified.     If  an  Electricity 
conductor  be  electrified,  and  an  uninsulated  conductor  be^ymdac- 
to  it,  there  being  between  the  two  a  thin   stratum   of  air,  ^^^^' 
other  non-conductor,  the  uninsulated  conductor,  under  such 
mces,  acquires  an  opposite  electrical  state  to  that  of  the  orig- 
ctrified  insulated  conductor.     In  this  case,  the  uninsulated 
lectrified  by  indiictunh  and  the  induced  electricity  remains 
lotil  an  explosion,  spark,  or  discharcre  happens,  when  the 
electricities  annihilate  each  other.    Induced  electricity  may 
xhibited  through  a  long  series  of  insulated  conductors,  pro- 
last  of  the  series  be  in  communication  with  the  earth. 
Fig.  56,  ¥\g,  56. 

oce  from ^ ^U^ A         \ 

,  dy  havinc  a  chain  touching  tho  ground  ;  thon  the  hall«  I,  being  poni- 
ttnct  the  balls  2,  which  are  rendorod  negative  by  induction.  Under 
HMtancct,  each  of  the  conductors  becomes  polar,  and  the  bolU  3  are 
bile  4  ore  negative,  5  positive,  G  negative,  &c. ;  the  central  points  of 
tors,  bed,  are  neutrul.  W  hen  thetM)  oppoHite  electrical  states  haw 
i  certain  intensity*,  sparks  pass  between  the  different  conductors,  and 
al  phenomena  cease.    B.  /3. 

'he  recent  investigations  of  Faraday ,t  have  led  him  to  the  Faraday's 

that  induction  is  essentially  an  action  of  contiguous  parti-  views. 

ugh  the  intermediation   of  which  the  electric  force,  origi- 

appearing  at  a  certain  place,  is  propagated  to  or  sustained 

nee,  appearing  there  as  a  force   of  the  same  kind   exactly 

imount,  but  opposite  in  its  directions  and  tendencies.     In- 

t  considered  as  the  essential  function,  both  in  the  first  dc 

t  and  the  consequent  phenomena  of  electricity.     He  con 

it  induction  consists  in  a  certain  polarizod  state  of  the  pnr- 

0  which  they  are  thrown  by  the  electrified  body  sustaining;: 

I,  the  particles  assuming  positive   and   negative  points  or 

;iaiis  generally  emploj  the  term  quaniihf  to  indicate  the  absolute  qimnti* 
c  power  in  any  body,  and  ihe  term  intenaxly  to  signify  its  power  of  passing 
«rtmiD  stratum  of  air  or  other  ill-conducting  medium. 

rVoiw.  1838.  p.  1. 
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Chkp,  I.    parte,  which  are  symmetricttlly  arranged  with  respect  to  emch  other 
and  the  inducting  surface  or  particles.* 
Specific  in-     272.  For  examining  the  specific  inductire  capacity  of  bodies, 
radty?  ^   Faraday  has  contrived  an  apparatus,  which  he  calls  a  Differmdid 
Faraday*t   Indtictometer.     It  consists  of  three  insulated  metallic  plates,  plaieod 
difierential  facing  each  other ;  the  centre  one  being  fixed,  and  the  other  two 
iDductome-  moveable  upon  slides,  by  which  they  may  be  approximated  to  or 
withdrawn   from  the  centre.     When  a  charge  is  commanicatod  la 
the  centre  plate  under  ordinary  circumstances,  the  induction  ia  equal 
on  both  sides  and  the  gold  leaves  are  not  disturbed.     Bot  if  aftar 
uninsulating  them,  and  again  insulating  them,  a  thick  plate  of  abel- 
lac  or  sulphur,  be  interposed  between  two  of  the  plates,  unequal  in- 
duction will  take  place  on  the  two  sides,  and  the  gold  leaTea  witt 
attract  each  other.     By  these  means,  Faraday  has  ascertained  that, 
taking  the  specific  inductive  capacity  of  air  to  be  1. 

That  of  Glass  is  -  -  •  1.76 

Shellac  •  •  -  9. 

Sulphur  -  -  •  2.94 

The  results  obtained  with  spermaceti,  oil  of  turpentine,  and  nap' 
tha,  were  higher  than  that  of  air,  but  their  conducting  powera  intei^ 
fered  with  the  accuracy  of  the  experiments. 

By  another  form  of  apparatus,  he  ascertained  that  all  aerilbnii 
matter  has  the  same  power  of  sustaining  induction  ;  and  that  no  fa» 
nations  in  the  density  or  elasticity  of  gases  produced  any  variatioa 
in  their  electric  tension,  until  rarefaction  is  pushed  so  far  as  that  dit* 
charge  may  take  place  across  them. 

No  difiference  was  found  with  hot,  cold,  dry  or  damp  air.  Theaa 
experiments  have  established  the  important  discovery  of  the  prioch 
pie  of  specific  inductive  capacity. t 

273.  It  is  essential  that  the  student  should  reflect  carefaliy  an 

the  plain  consequences  of  the  theory  of  electricity,  since  the  appli* 

catjons  of  this  knowledge  are  numerous.     A  few  of  theae  may  now 

be  enumerated : — 

Conae-  1*  An  electrified  body  attracte  light  objects  near  it,  because  it  in- 

meooes  of  duces  in  them  a  state  opposite  to  itself.     The  attraction  is  inost  live* 

tbc  theory.  |y  ^y^^^  ^j^g  Vi^i  object  is  a  conductor,  and  in  contact  with  the 

ground,  since  it  then  more  completely  assumes  an  electric  state  0|h 

posed  to  that  of  the  inducing  body.     A  non-conductor  is  very  ioi* 

perfectly  electrified  by  induction,  because  the  electric  fluids  cannot 

quit  each  other  from  inability  to  move  through  the  non-conductor. 

2.  If  a  stick  of  sealing-wax,  strongly  negative,  be  presented  to  • 
thread  or  pith-ball  which  is  also  negatively,  but  feebly,  excited,  n- 
pulsion  will  ensue  at  a  considerable  distance,  followed  by  attractiBO 
when  the  distance  is  small.  This  attraction  is  due  to  me  strongly 
excited  wax  acting  by  induction  on  the  feeble  negative  thread,  thtf*' 
by  causing  it  to  have  an  excess  of  positive  electricity. 


*  Accordioff  to  Family,  bodiet  cmnnol  be  chirked  absolattlr,  but  oii1]r  rebtiftly,  v' 
by  a  prindpTe  which  is  the  same  with  that  of  iiidHction  :  all  cbam  is  sustamN  l7 
induction ;  all  phenomena  of  intensity  include  the  principle  of  induction;  all  ~  ' 
tioo  is  dependent  on  or  directly  related  to  induction;  and  aU  correnta  involfa  ~ 
intensity  aod  therefore  previous  induction. 

iB9%  Land,  and  Edin-PhUot.  Mag.  Jan.  and  Fab.  ISS*. 
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3.  The  positive  electricity  collected  on  ihe  prime  conductor  of  an    g^cu  v. 
electrical  machine  is  hy  some  ascrihcd,  not  to  a  transfer  of  that  fluid 

from  the  glass  to  the  prime  conductor,  hut  to  a  part  of  the  comhined 
electricities  of  the  prime  conductor  being  separated  by  induction,  and 
the  negative  fluid  being  imparted  to  the  positive  glass.  The  same 
view  is  applicable  to  any  system  of  conductors  in  contact  with  the 
prime  conductor,  as  also  to  conductors  connected  with  the  rubber. 
It  is  difficult  to  aay  which  ezpUnation  is  the  more  correct,  or  wheth- 
er both  may  not  be  true. 

4.  On  moving  the  hand  towards  the  prime  conductor  of  an  excited 
electrical  machine,  the  hand  becomes  negative  by  induction,  and  the 
■park  ultimately  obtained  restores  the  equilibrium.  In  like  manner 
a  negatively  electrified  cloud  renders  positive  a  contiguous  tree  or 
tower,  and  then  a  stroke  of  lightning  follows  as  a  consequence  of 
attraction  between  the  two  accumulated  fluids. 

5.  The  action  of  the  Leyden  Jar  depends  on  the  principle  of  in-  Action  of 
duced  electricity.    A  glass  jar  or  bottle  with  a  wide  mouth  is  coat^tho  Lcjdta 
ed  externally  and  internally  with  tinfoil,  except  to  within  three  or^* 

four  inches  of  its  summit ;  and  its  aperture  is  closed  by  dry  wood  or 
tocne  imperfect  conductor,  through  the  centre  of  which  passes  a  me- 
tallic rod  communicating  with  the  tinfoil  on  the  inside  of  the  jar. 
On  placing  the  metallic  rod  in  contact  with  the  prime  conductor  of  an 
excited  electrical  machine,  while  the  outer  coating  communicates 
with  the  ground,  the  interior  of  the  jar  acquires  a  charge  of  po;sitive 
electricity,  and  the  exterior  becomes  as  strongly  negative.  If,  the 
jar  being  insulated,  the  metallic  rod  bo  placed  close  to  the  prime 
conductor,  avoiding  actual  contact,  while  an  uninsulated  conductor 
be  held  at  an  equal  distance  from  the  outer  coating,  electric  sparks 
in  equal  number  and  of  equal  size  will  pass  between  both  intervals, 
and  both  sides  of  the  jar  are  found  to  be  in  the  same  condition  as 
before ;  but  no  charge  will  be  received  when  the  inner  coating  com- 
municates with  the  prime  conductor,  and  the  outer  coating  is  strictly 
insulated.  From  these  facts  it  is  inferred  that  the  interior  of  the 
jar  becomes  positive,  either  by  receiving  positive  electricity  directly 
from  the  prime  conductor,  or,  as  is  more  probable,  by  communicating 
to  it  negative  electricity  ;  and  that  the  exterior  then  becomes  nega- 
tive by  the  loss  of  a  quantity  of  'positive  electricity  equal  to  that  on 
the  interior.  Unless  means  be  aflorded  for  the  escape  of  the  positive 
electricity  from  the  exterior,  no  charge  ought  to  be  received;  and 
this  concluaion  is  quite  conformable  to  the  fact  above  stated. 

S74.  The  opposite  electric  fluids  accumulated  on  the  opposite  sides  Lojdta  jar. 
of  a  charged  Lej'den  jar  exert  a  strong  mutual  attraction  through  the 
mbatance  of  the  glass,  and  the  presence  of  each  secures  the  continu- 
ance of  the  other.  The  exterior  of  the  jar  may  be  freely  handled, 
and  its  coating  removed,  without  destroying  the  charge,  provided  no 
communication  be  made  at  the  same  time  with  the  interior ;  and  if 
the  exterior  be  insulated,  the  charge  will  be  preserved,  though  the 
tiafoii  of  the  interior  be  removed.  But  when  a  conductor  communi- 
cates with  both  surfaces  at  the  same  instant,  the  two  fluids  rush  to- 
gether with  violence,  and  the  equilibrium  is  restored.  Whether  in 
this  and  simiUir  cases  the  two  fluids  coalesce  entirely  on  the  inter- 
mediate conductor,  or  whether  each  from  its  velocity  may  not  in  part 
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ctop.T.   pass  the  other,  and  he  projected  to  the  opposite  surface,  is  a  question 
on  which  electricians  are  not  agreed^ 

275.  The  Lcyden  jar  affords  the  means  of  passing  through  bodies 
a  large  quantity  of  electricity.  For  not  only  may  jars  of  any  required 
size  be  employed,  but  it  is  easy  so  to  arrange  any  number  oi  sucli 
jars,  that  they  shall  all  be  charged  and  discharged  at  the  same  timei 
constituting  what  is  termed  an  Electrical  Battery.  The  amiDg^ 
nient  is  made,  by  placing  a  number  of  Lieyden  jars  in  a  box  lined 
with  tinfoil,  by  which  means  their  outer  surfaces  have  free  metallic 
communication  with  each  other,  and  copnecting  their  inner  SQiihcei 
by  wires.     T.  78. 

276.  The  operation  of  the  instrument  called  the  Electrop^orui  (or 
bearer  of  electricity)  is  referable  to  the  phenomena  of  induction. 

The  dectrophomt  (Fig.  57),  coBsUfts  of  two  metallic  plates,  Fig.  Sf . 

a  a,  with  an  interveniDg  plate  of  resinous  matter,  6,  for  which 
equal  parts  of  shellac,  resin,  and  Venice  turpentine,  are  ^• 
nerally  used,  the  mixtiure  being  carefiilly  melted  in  a  pipkm, 
and  poured,  whilst  liquid,  into  a  wooden  or  metal  hoop,  of  a 
proper  size,  placed  upon  a  polished  surface'of  glass  or  marble, 
trom  which  it  easily  separates  when  cold ;  it  should  be  about 
half  an  inch  thick,  and  the  smooth  surface  being  uppermost 
the  lower  side  should  be  covered  with  tinfoil,  or  attached  to 
#ny  other  metallic  plate ;  a  polished  brass  plate,  with  a  glass  handle  e  attacbedtp 
it,  IS  then  placed  upon  the  upper  surface  of  tne  resinous  plate,  and  of  rather  ■niiDer 
diameter. 

The  resin  is  excited  with  a  piece  of  dry  fur,  and  the  instromeot 
will  be  found  to  exhibit  the  following  phenomena : — Upon  raising  the 
brass  plate  by  its  insulating  handle,  it  will  be  found  very  feebly 
electrical ;  replace  it,  touch  it  with  the  finger  and  again  lift  it  off  by 
its  handle,  and  it  will  give  a  spark  of  positive  electricity.  This  no- 
cess  may  very  often  be  repeated  without  fresh  excitation.*  The 
electrophorus  may  often  be  used  for  the  same  purpose  as  the  electri- 
cal machine,  and  in  the  laboratory  it  furnishes  a  very  convenient  8ab> 
stitute  for  ihat  more  expensive  piece  of  apparatus.t 

277.  ^iectricity  is  excited  also  by  change  of  temperature.  The 
electric  /equilibrium  is  disturbed  in  metallic  rods  or  wires  when  one 
extremity  has  a  different  temperature  from  that  of  the  other,  whether 
the  difference  be  effected  by  the  application  of  heat  or  cold.  The 
experiment  is  usually  made  by  heating  or  cooling  the  point  of  jooc- 
tion  of  two  metallic  wires,  which  are  soldered  together;  but  Bee- 
querel  has  proved  that  the  contact  of  different  metals  is  not  essentiaLt 

278.  There  are  many  other  sources  of  electricity.  When  glas  ii 
rubbed  by  mercury,  it  becomes  electrified,  and  this  is  the  cause  of 
the  luminous  appearance  observed  when  a  barometer  is  agitated  in  a 
dark  room,  in  which  case  flashes  of  light  are  seen  to  traverae  tile 
empty  part  of  the  tube*  Even  the  friction  of  air  upon  glass  it  th 
tended  by  electrical  excitation.  Whenever  bodies  change  their 
forms,  their  electrical  states  are  also  altered.  Thus  during  the  con- 
gelation of  melted  resins  and  sulphur,  electricity  is  rendered  sentiUe. 
It  is  also  developed  during  various  natural  processes ;  as  evaporatioa 
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*  Ample  directions  for  constructing  this  useful  instrument,  and  for  apphriag  i 
dty  in  the  laboratory,  wiU  be  found  m  Faraday^  Chem.  Man^nUaHan,  p.  436. 

t  For  a  more  full  aoeount,  see  Tomer's  Elementt,  Sect  111. 

t  An,  de  Ok«m.  d  de  Fhyt.  zli.  893,  An,  Philot.,  N.  8.,  v.  427,  and  M^kiL  Mag.  m. 
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condensation  of  vapour,  which  may  aid  in  accounting  for    Sici.  v. 

lectrica]  phenomena  of  the  atmosphere. 

I  tmall  iron  cup,  heated  nearly  to  redneM,  over  an  electrometer ;  on  Exp. 
into  it  a  amall  portion  of  water,  vapour  will  be  produced,  and  the  leaves 
strometer  will  diverge. 

Mother  reputed  source  of  electricity  is  contact  of  different  Electricity 
et,  especially  of  metals ;  a  source  originally  suggested  by  ^'['^^f 
ho  founded  on  it  his  theory  of  galvanism.     When  a  plate  of  metals, 
lished  with  a  glass  handle  is  brought  into  contact  with  one 
r  or  silver,  it  is  found,  after  removal,  to  be  positively  electri- 
the  silver  or  copper  is  leA  in  the  opposite  state, 
electricity  thus  developed  was  distinguished  as  Galvanism,  Galrtnism. 
circumstance  that  Oalvani,  an  Italian  physiologist,  about 
1789,  observed  the  first  striking  phenomenon  which   led  to 
>Tery.     He  observed  it  only  in  its  power  of  affecting  the  ani- 
ero;     It  was  found  that  if  the  nerve  of  a  recently  killed  frog 
ched  to  a  silver  probe,  and  a  piece  of  zinc  was  brought  into 
i^ith  the  muscles  of  the  animal,  violent  contractions  would 
iced  at  every  contact  of  the  metals.     Exactly  the  same  effect 
ced  by  an  electric  spark,  or  the  discharge  of  a  small  Leyden 
The  following  experiment  produces  a  similar  efiect. 

piece  of  zinc  upon  the  tongue,  and  a  piece  of  ailrer  under  it ;  when-  _ 
irojecting  cdces  of  these  different  metus  are  made  to  touch,  a  peculiar  '^' 
luation  will  be  penrciTed,  and  if  the  pieces  are  large  the  contact  will 
I  be  accouipanied  by  a  floflh  of  light. 

Prom  these  and  similar  experiments  Galvani  concluded  that  P*^^**. 
lomena  were  owing  to  the  communication  of  electricity  ge-^'**  *"*' 
by  the  animal  system.     Volta  supposed  that  the  electricity  Volta's 
ived  from  the  action  exerted  between  the  metal  and   the 
limal  fibre,  and  soon  discovered  that  it  is  evolved  by  arrange- 
holly  unconnected  with  any  process  of  vitality.     His  disco- 
a  method  of  augmenting  the  galvanic  energy,  and  of  thus 
;  us  to  investigate  its  effects  with  more  precision,  has  ac- 
9r  this  form  of  electricity  the  epithet  Voltaic. 
The  identity  of  the  agent  concerned  in  the  phenomena  of 
m  and  of  the  common  electrical  machine,  is  now  a  matter  of 
ration.     The  effects  of  common  electricity  are  caused  by  a 
.lively  small  quantity  of  electricity  brought  into  a  state  of  in- 
.  in  which  state  it  exerts  a  high  intensity,  as  evinced  by  its 
ble  attractive  and  repulsive  energies,  and  by  its  power  to 
mssage  through  obstructing  media.     In  galvanism  the  elec- 
nl  is  more  intimately  associated  with  other  substances,  is 
ii  in  large  quantity,  but  never  attains  a  high  tension,  and 
I  its  peculiar  effects  while  flowing  along  conductors  in  a  con- 
current* 

When  a  plate  of  zinc  and  a  plate  of  copper  are  placed  in  a  Simple 
f  water,  and  the  two  metals  are  made  to  touch  each  other,  Y^'jaic 
irectly  or  by  the  intervention  of  a  metallic  wire,  galvanism  is  ^"^ 

The  action  is,  indeed,  very  feeble»  and  not  to  be  detected 
laiy  methods  ;  but  if  a  little  sulphuric  acid  be  added  to  the 
amerous  globules  of  hydrogen  fi;as  will  be  evolved  at  the  sur- 
the  copper.  This  continues  while  metallic  contact  between 
St  continues,  in  which  state  the  circuit  is  said  to  be  cio$ed  ; 
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o>i«p.i»  but  it  ceases  when  the  circuit  is  broken,  that  is,  when  metallic  contact 
is  interrupted.  The  hydrogen  gas  which  arises  from  the  copper 
plate  results  from  water  decomposed  by  the  electric  current,  and  its 
ceasing  to  appear  indicates  the  moment  when  thd  current  ceaaea.  la 
this  case  the  voltaic  circle  consists  of  zinc,  copper,  and  interposed  di- 
lute acid  ;  and  the  circle  gives  rise  to  a  current  only  when  tho  two 
metals  are  in  contact.  This  arrangement  is  shown  in  Fig.  68^  when 
metallic  contact  is  readily  made  or  broken  by  _  Fi9.flB. 
means  of  copper  wires  solciered  to  the  plates.  It 
is  found  that  a  current  of  positive  electricity  con* 
tinually  circulates  in  the  closed  circuit  from  the 
zinc  through  the  liquid  to  the  copper,  and  from 
the  copper  along  the  conducting  wires  to  the 
zinc,  as  indicated  by  the  arrows  in  the  figure.  A 
current  of  negative  electricity,  agreeably  to  the  theory  of  two  eloetric 
fluids,  ought  to  traverse  the  apparatus  in  a  direction  precise! j  iv- 
versed  ;  but  for  the  sake  of  simplicity  the  course  of  the  positive  elD- 
rent  only  will  hereafter  be  indicated. 

2S3.  It  matters  not,  so  far  as  voltaic  action  is  concerned,  at  what 
part  the  plates  touch  each  other.  Immersion  of  one  plate  only  in 
the  acid  solution,  however  contact  between  the  plates  may  be  made, 
does  not  excite  voltaic  action  ;  nor  does  it  suffice  to  have  one  phts  ia 
one  vessel,  and  the  other  plate  in  another  vessel.  A  plate  of  srae 
soldered  to  one  of  copper,  and  plunged  into  dilute  acid,  gives  a  car- 
rent  passing  from  the  zinc  through  the  fluid  round  to  the  copper: 
but  if  the  soldered  plates  are  cemented  into  a  box  with  pig.  St. 
a  wooden  bottom  and  metallic  sides,  so  as  to  form  two 
•eparate  cells,  as  shown  in  a  vertical  section  by  Fig. 
59,  then  the  introduction  of  dilute  acid  to  the  cells  wUl 
not  excite  a  current  unless  the  fluid  of  the  cells  be 
made  to  communicate  by  means  of  moistened  fibres  of 
twine,  cotton,  or  some  porous  matter,  or,  as  in  the  figure, 
by  wires  a  3,  soldered  to  the  metallic  sides  which  contain  the  dilute 
acid,  or  dipping  into  the  acid  itself.  Then  the  positive  current  ei^ 
culates  in  the  direction  shown  by  the  arrows. 

Instead  of  a  pair  of  plates  being  soldered  together,  they  may  be 

connected  by  a  wire,  and  plunged  into  separate  cells. 

Circleof         234.  A  simple  voltaic  circle  may  be  formed  of  one  metal  and  two 

metal  and   liqui(] ^^  provided  the  liauids  are  such  that  a  stronger  chemical  acdoa 

^**  '        is  induced  on  one  side  than  on  the  other.  Nay,  the  same  acid  solutioa 

may  occupy  both  cells,  provided  some  condition  be  introduced  which 

shall  cause  one  side  of  the  zinc  to  be  more  rapidly  dissolved  than  the 

other ;  as  by  the  plate  being  rough  on  one  side  and  pnlished  on  (be 

other,  or  by  the  acid  being  hot  in  one  cell  and  cold  in  the  other,    h 

this  case,  however,  the  result  is  the  same  as  though  two  diAnsi 

liquids  were  used. 

285  An  interesting  kind  of  simple  voltaic  circle  is  afforded  bf 
commercial  zinc.  This  metal,  as  sold  in  the  shops,  contains  Vnfitf 
of  tin  and  lead,  with  rather  more  than  one  per  cent,  of  iron,  which  i> 
mechanically  diffused  through  its  substance  :  on  immersion  indOotf 
sulphuric  acid,  these  small  particles  of  iron  and  the  adjacent  vt^ 
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fonn  numeroas  Toltaic  circles,  transmitting  their  currents  throogh    s— .  v. 
the  acid  which  moistens  them,  and  dbengaging  a  large  quantity  of 
hydrogen  gas.* 

266.  While  the  current  formed  hy  the  contact  of  two  metals  gives 
increased  effect  to  the  affinity  of  one  of  them  for  some  element  of  the 
solution,  the  ability  of  the  other  metal  to  undergo  the  same  change 
it  proportionally  diminished.  Thus,  when  plates  of  zinc  and  copper 
touch  each  other  in  dilute  acid,  the  ainc  oxidizes  more,  and  the  cop* 
per  leas,  rapidly  than  without  contact.  This  principle  was  beauti-  d^_i, 
fully  exemplified  hy  the  attempt  of  Davy  to  preserve  the  copper  protector, 
sheathing  of  ships.  Davy  found  that  the  quantity  of  zinc  required 
to  form  an  efficient  Toltaic  circle  with  copper  was  very  small.t  Un* 
happily,  in  practice,  it  is  found  that  unless  a  certain  degree  of  cor^ 
rosion  takes  place  in  the  copper,  its  surface  becomes  foul  from  the 
adheaioD  of  sea* weeds  and  shellfish. 

967.  Simple  voltaic  circles  may  be  formed  of  various  materials ;  Othet  dr- 
bot  the  combinations  usually  employed  consist  either  of  two  perfect  ^^' 
and  one  imperfect  conductor  of  electricity*  or  of  one  perfect  and  two 
imperfect  conductors.  The  substances  mcluded  under  the  title  of 
perfect  conductors  are  metals  and  charcoal,  and  the  imperfect  con- 
ductors are  water  and  aqueous  solutions.  It  is  essential  to  the  ope« 
ration  of  the  first  kind  of  circle,  that  the  imperfect  conductor  act 
chemically  on  one  of  the  metals  t  and  in  case  of  its  attacking  both, 
the  action  must  be  greater  on  one  metal  than  on  the  other.  It  is 
also  found  generally,  if  not  universally,  that  the  metal  most  attacked 
is  positive  with  respect  to  the  other,  or  bears  to  it  the  same  relation 
as  zinc  to  copper.t 

28S.  The  presence  of  water  has  been  shown  by  Faraday  not  to  be  Witer  not 
essential.     A  battery  may  be  composed  of  other  liquid  compounds,  ^•••D^i^- 
such  as  a  fused  metallic  chloride,  iodide,  or  fluoride,  provided  it  is 
decomposable  by  galvanism,  and  acts  chemically  on  one  metal  of  the 
circle  more  powerfully  than  ou  the  other. 

The  following  table  of  voltaic  circles  of  the  second  kind  is  from 
Davy's  Elements  of  Chemical  Philosophy  : — 

*  Mr  SCnmoB  bu  remmrked  thtt  commercial  xinc,  with  its  surface  amalgamated, 
v^idi  may  be  done  by  dipptog  a  xinc  plate  into  nitric  acid  diluted  with  two  or  thrre 
p«ta  of  water,  sod  th«o  rubbintc  it  witn  mercurr,  resists  the  action  of  dilute  acid  fully 
as  well  as  the  purest  xmc.  This  fact,  of  whicD  Faraday  in  his  late  researches  ha« 
made  taoelknut  use,  appears  doe  to  the  mercnrr  bringing  the  surface  of  the  zinc  to  a 
Stole  of  perfect  onifbrmity,  pretenting  thoae  differences  lietween  on«  spot  and  another, 
whiefa  aie  esaeotial  to  the  production  of  minute  currents ;  one  part  has  the  same  ten- 
dency to  eombine  with  electricity  as  another,  and  cannot  act  as  a  discharger  to  it  (Fa- 
nday). 

t  PkiL  TrmnB.  iaS4. 

• 

I  Davy,  b  bis  Bakerian  lecture  for  ISSe  {PhU.  TVans.).  gare  the  following  list  of 
the  Iral  kiad  of  arrangements,  the  imperfect  conductor  being  either  the  common  adds, 
•IkaliBi  aolotiow,  or  solutions  of  uieullic  sulpbureis.  such  as  sulphuret  of  potassium. 
Tito  BMrtal  first  oKntioned  is  positive  to  those  sunding  after  it  in  the  series. 

WWk  eommtn  oodt.— Potassium  and  its  amalgams,  barium  and  its  amalgams, 
Mlgam  of  siae,  cadmium,  tin,  iron,  bismuth,  antimony,  lead,  copper,  silrer,  palladi- 
«k  itUuriam.  gold,  charcoaljplatinum,  iridium,  rhodium. 

WUk  alkahnt  wluiiont — The  alkaligenous  metals  and  tlieir  amalgams,  zinc,  tin, 
hid,  copper,  iroo,  silver,  palladium,  gold,  and  platinum. 

WUk  tolmiimu  ((f  mtiaUic  «u{pA«rete.---Zinc,  tin,  copper,  iron,  bismuth,  silver,  pla- 
BAlii^iBB.  cold .  charaoal. 
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.  The  moBt  eoergetJc  of  these  combinaliona  is  that  in 
metftl  is  chemicqity  attacked  on  one  side  by  salphuret  of  pol 
and  on  the  other  by  an  acid.  The  experiment  may  ba  made  by  pour- 
ing dilute  nitric  acid  into  a  cup  of  copper  or  silver,  which  staDds  ia 
another  Tessel  containing  sulphuret  of  poiasaium.  The  follawisg 
arrangements  may  also  bo  employed : — 

Let  two  pisFBi  of  think  tluuiel  ba  moiatened,  one  with  (Klmo  acid  BDd  ika 
olhet  wilb  the  mlphurel,  and  then  placed  on  oppoaitu  aidea  oti.  plate  of  ci 


into  a  «[«.  fill 
1iDeaoTiition,a 


it  by  loucbing  each  piece  of  flannel  nith 

fcapper,  each  with  its  approprialo  wire,  immene  one  ONB 

I  giant  BHcd  with  dilute  arid,  and  the  other  into  a  •cparale  glua  with  ^k» 

onnect  the  Iwn  TesMl*  bj;  a  few  threads  of  omiaDtbiM  or  ooOH 

moiatened  with  a  lolutioa  of  aall.     A  airuilar  combinaiion  may  be  diipoiJ  i> 

Ihij  order  :  Jet  one  iliac  of  copper  be  placed  on  a  piece  of  glaaa  or  dij  wood;  M 

itf  upper  aurfacc  lay  in  giicceaainn  tlires  pieces  at  flunnel,  the  firtt  nxaiflJ 

wilb  dilute  arid,  the  accond  with  aoliition  ofaalt,  and  the  third  with  nilpbaiMtf 

polanium,  and  [hen  cover  ibe  laal  with  the  other  diac  of  copper. 

S89.  Melnllic  bodies  are  not  essential  to  the  production  of  mlvuie 

••""'■■l-  phenomena.  Combinations  ha»e  been  made  with  layers  of  cbaTeotl 
and  plumbago,  of  slices  of  muscle  and  brain,  and  beet-rooi  and  wood; 
but  the  force  of  these  circles  though  accnmulaled  by  tha  union  of 
numerous  pairs,  is  extremely  feeble,  and  they  are  very  imrelj  ea- 
ployed  in  practice. 
290,  Of  the  simple  voltaic  circles  above  described,  the  one  nsed 
'■  for  ordinary  parpoies  is  that  composed  of  a  pair  of  zinc  and  ctrnwr 
plates  excited  by  an  acid  solution  arranged  as  in  Pig-  S8.  The  lora 
and  size  of  the  apparatus  are  exceedingly  various.  Instead  of  seta- 
ally  immersing  the  plates  in  the  solution,  a  piece  of  moistened  clolk 
may  be  placed  between  them.  Sometimes  the  copper  plats  is 
made  into  a  cup  for  containing  the  liquid,  and  the  Pl|.n 

zinc  is  fixed  between  its  two  sides,  as  shown  by  the    ' 
accompanying  transverse  vertical  section.  Fig.  60; 
care  being  taken  lo  avoid  actual  contact  between  the 
plates,  by  interposing  pieces  of  wood,  cork,  or  other 
imperfect  conductor  of  electricity.  T.  9i.  Another  con- 

trivance,  which  is  much  more  convenient,  becausethe  

line  may  be  removed  at  will  and  have  its  surface  cleaaedi  Ji  ikal 
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represented  by  Pig.  61.  An  earthen  pot  a  : 
lined  with  a  cylinder  of  thin  copper,  within  which 
are  one  or  more  smaller  cylinders  of  the  same, 
connected  at  bottom  by  narrow  pieces  of  cop* 
per  One,  ormore  cylinders  of  zinc  are  placed  m 
the  space  between  the  coppers,  being  somewhat 
shorter  than  the  copper  cylinders,  and  are  support- 
ed on  the  edge  of  the  pot  by  projecting  pieces  sol- 
dered to  the  upper  edges.  (Fig.  62.)  Small  cups 


nf.si. 


Aire'*  Calorimotar, 

■re  BttachAd  to  the  two  meUils  for  receir* 
ing  a  few  drop  of  meicury,  into  which 
lh«  ends  of  wires  mav  be  dipped  and  ifae 
circuit  be  closed  or  Droken  at  pleasure. 
This  apparatus  is  very  serviceable  in  expe- 
rimcDts  on  electn^m&gnetiam.  The  liquid 
employed  is  a  solution  of  sulphate  of  cop- 
per (blue  vitriol)  in  water,  and  may  be  allowed  to  remain  in  the  pot 
when  the  appantus  »  luit  in  use,  all  that  is  necessary  is  to  remove 
the  doc  cyhnder. 

Another  kind  of  circle  may  be  formed  by  coiUn([  a  sheet  of  nnc 
and  copper  round  each  other,  so  that  each  surface  of  the  zinc  may 
be  opposed  to  one  of  capper,  and  separated  from  it  by  a  small  inter- 
vaL  The  contrivance  of  opposiog  one  large  connected  surface  of 
line  to  a  similar  surface  of  copper,  originated  with  Hare  of  Phil- 
adelphia,  who,  from  its  surprising  power  of  igniting  metals,  gave  it 
the  name  of  Cahrimoior.* 

291.  Compound  voltaic  circles  consist  of  a  series  of  simple  circles.  Compond 
The  firtt  combinations  of  the  kind  were  described  by  Volta,  and  are  '^"^i—- 


•  A  a,  npimnl  two  cubical  TmeU, 

MMlr  incbe*  aqain,,    inude.      b  b, 

■  ftan*  hT  wood  caoluniu  20  thecu 

n*'i  *oi  20  ibMU  or  zinc,  aller- 

■  wm  each  otW,  and  •' 


MckMkM'-  Tbtimallfig.oDtlwrigtil, 

npruiBUthi  oKidaiB  whkhthejuDc- 

tiia  bM^MD  (be  nriaui  ihnli  and 

lii  BUMi  is  tActad.    The  lineo  ' 

M  ia  COMBol   Tilh   (he  tin     on   < 

nda;  tba  copper  bIow  louche* 

IteadHr.    Atibohukof  ih«  rnm.,    .i 

MB  ikMH  oT  cappar  and  ini  iticcti  of   I 

BBC  na  Mul*  lo  oommuBieale,  bj  ■    f 

MOMBN  MM  (rf  tin  citeDding  ibe 

«feakl«fihof  the  lni>i«,b«w«MT 

Ti  bM  ia  fnot, u  in  Fiff.  M.tlMnli 

SB  iMnMic*  bafwoea  the  mtm  oT  lin 

I— aitriag  lb*  tan  copper  ahecu,  uid 

IkM  elBBicliBf  tha  ten  line  ibaeti.    TlMienir  iorcapi,  ■pp<rt«iniDg  lo  i 

tia  BBMai,  may  be  icen  oa  eilber  aide  of  iba  inlcnlice ;  and  likewiaa  ■  wi 

tioa  baU  batvaan  Ihem.    Tb*  application  of  the  rape,  pallry,  and  waial 

aaa.    nafiimeeanbe  awnna  raund  and  lowered  into  UN  wntei  in  ihe  fcMci  a,  lo 

^■kaf  lbaaei<l,whiBh,an*r  immtnicaiBllia  other  Teuel,  miyfat  coDtiouato  act  on 

ibc  ahacia,  iacniBting  tham  with  oitd*. 

Whaa  tM  copper  and  tine  ancrac**  art  oniled  by  an  interreDinf^  wire,  Bad  Iha  in^ 
Btt^BlBl  11  iBweraad  ia  ttN  add  liquor  in  tbe  lewal  beneath,  the  wire  beeomea  in- 
Madj  iguMd,  and  whaa  hjrdiogra  ii  libaralad  in  auffiaient  aoaatilf  it  naniiltT  take* 
■M  MudBLiui  a  Teiy  bnnlifal  eorroacadng  flame  upon  tbe  mrnce  oT  the  liqaid.*  Or 
ihaMlawiif  method  mar  bavm^ojred:  cat  the  plalet  into  tb*  ri(.  H. 


;':2S: 


iaPiB.M,  aoldei 
S  ccnper  together.  Mod  ihem  into  ih* 
m  of  Ftg.tC  and  arranp  them  in  the 
—jku  inFlg.n.    The  line  platea  an 
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amp.  1-    now  well  known  under  ihe  names  of  voltaie  jaU  and  ctmom  ^  n^t. 
(Fig.  66).  In  this  apparatus  the  exciting  so-  Wi-  ««• 

lution   is  contained  in   separate  glasses  or 
cups ;  each  glass  contains  a  pair  of  plates,  ■ 
and  each  zinc  plate  ia  attached  to  the  '-np- 
per  of  the  next  pair  by  a  roetallic  wire.  The 
Toltaic  pile  is  made  by  placing  pairs  of  zinc 
and  copper,   or  zinc  and  silver  platea  one 
aboTe  the  other,  as  shown  in  Fig.   67,  each  pair  aepuited  from 
those  adjoining  by  pieces  of  cloth  rather  smaller  than  the       PigLgr. 
plates,  and  moistened  with  a  saturated  solution  of  salt. 

Pcwiuon  of  The  relalive  position  of  the  metals  in  each  pair  must  be 
'"*' the  same  in  the  whole  aeries;  that  is,  if  the  zinc  be  placed 
below  the  copper  in  the  first  pair,  the  same  order  should 
be  observed  id  all  the  others.  Without  such  precaution  ' 
the  apparatus  would  give  rise  to  opposite  currents,  j 
which  would  neutralize  each  other  more  or  less  accord- 
ing to  their  relative  forces.  The  pile,  which  may  con- 
sist of  any  convenient  number  of  combinations,  should 
be  contained  in  a  frame  formed  of  glass  pillars  fixed  into  a  piaea  of 
thick  dry  wood,  by  which  it  is  both  supported  and  insulatoa.  Anj 
number  of  these  ^iles  may  be  made  to  act  in  conceit  by  ertabMmy 
metallic  communication  between  the  positive  extremity  of  taa 
pile  and  the  negative  extremity  of  the  pile  immediately  following. 

,^^  29S.  The  voltaic  pile  is  now  rarely  eraplo^d,  because  w«  paaaa 

^"^         other  modes  of  forming  galvanic  combinations  which  are  &'  moie 
powerful  and  convenient.    The  galvanic  battery  prqmaed  by  Cinili* 
shank,  consists  of  a  trough  of  baked  wood,  about  M  inchee  long, 
which  are  placed  at  equal  distances  50  pairs  of  ~" 

zinc  and  copper  plates  previously  soldered  to- 
gether, and  so  arranged  that  the  same  metal 
■ball  always  be  on  the  same  side.  Each  pair 
is  fixed  ina  groove  cut  in  the  sides  and  bottom 
of  the  box,  the  points  of  junction  being  made 
water-tight  by  cement.  The  apparatus  thus 
constructed  is  always  ready  for  use,  and  is 
brought  into  action  by  filling  the  cells  left  between  the  paira  of  plain 
with  some  convenient  solution,  which  serves  the  same  purpoap  attbs 
moistened  cloth  in  the  pile  of  Vol  la.  By  meana  of^FJga.  68aid 
69  the  mode  in  which  the  plates  are  arranged  will  easily  be  aa(i■^ 
stood. 

393.  Other  modes  of  combination  are  now  in  nse,  which  &ci]iiiK 
the  employment  of  the  voltaic  apparatus  and  increase  its  vaagf- 
Most  of  these  may  be  regarded  as  modifications  of  the  crown  of  cap; 
Instead  of  glasses  it  is  more  convenient  to  employ  a  trough  of  baktd 
wood,  (Fig.  69),  or  glazed  earthenware,  _    _ 

divided  into  sepaiaie  cells  by  partitions  of 
the  same  material ;  and  in  order  that  the 
plates  may  be  immersed  into  and  taken 
out  of  the  liquid  conveniently  and  at  the  same  moment,  they  aiaiU 
attached  to  a  bar  of  dry  wood,  the  necessary  connexion  betwcM 
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the  zinc  of  one  cell  and  the  copper  of  the 
adjoining  one  being  accomplished,  as 
showa  in  figure  70,  by  a  alip  or  wire  of 
copper.* 

mberof  the  plates 

V.    The  common 

e  for  the  plates,  is 
four  oraix  inches  square;  and  when  great 
power  is  required,  a  aumbei  of  difTerent 
Mtterie*  are  united  by  establishing  metal- 
lic communication  between  the  positive 
extrwnity  of  one  battery  and  the  negative  extremity  of  the  adjoin- 
ing  one.  The  great  battery  of  the  Koyal  Institution,  viih  whkh 
Davy  made  his  celebrated  discovery  of  tbe  compound  nature  of  the  al- 
kaliea,  was  composed  of  3000  pairs  of  plates,  each  plate  having  32 
square  inches  of  surface.  It  is  now  recognized,  however,  that  such 
lai^  compound  batteries  are  by  no  means  necessary.  Increasing  the 
namfaer  oi^ plates  beyond  a  very  moderate  limit  gives,  for  most  purpos- 
M,  DO  piopoitionate  increase  of  power;  so  that  a  battery  of  SO  or  100 
pairs  oir  plates,  thrown  into  vigorous  action,  will  be  just  as  effective 
as  000  of  far  greater  extent. 

39fi.  The  electrical  condition  of  compound  voltaic  arrangements  is  Cooditien 
■imilar  to  that  of  the  simple  circle.     In  the  broken  circuit  no  electric  ^^^' „. 
cumnt  can  be  traced;  but  in  the  closed  circuit,  tbat  is,  when  ihedM. 
wirea  from  the  opposite  ends  of  the  battery  are  in  conuict,  the  galva- 
'  r  indicates  a  positive  electric  current  through  tbe  battery  itself 

a  Iba  ippintnl  wu  mwb  bjr 
tileadiiiB  Ibccopptf  pl>U,M  1^ 

■■Moppwt  It  Ui«T>rj  tuilkci!  or  [he  linc,  u  mcd  in  Fi(.Tl.  ^ — 

AMIMndof  WBodu)  wbichibc  plswt  ire  tertwed ;  ii  tb* 

daBplalM  en— iicwd  u  luool  wiih  ihe  copper  pUia  c  c, 

vhkk  an  ioabiti  onr  tka  lioc  plaui,  ind  appnad  u  Ibem 

■pM  aU  tide*,  cvDlKl  of  iha  ntSacrt  being  praveDlcd  bv 

pKaaf  avod  ot  corkplaeed  St  DD.    Hvs ulopLsd  thii  with    .. 

pwiadvaaUf* n hii DefUgnir.T.  (Fig-TB.)  tteoDiutioffoiii    il 

Wgfciaa,t*,  CTch  lO  feal  Ions.    Each  two  oT  Ike  Irougbi      I 
■n  jaaad  tMflhwiM,  edn  ucdn,utbU  when  tbe  iidn  of 
Iba  («■  Atue  tcrlial,  uom  ortbaothon  a  a  are  horiiootal. 
Tba  Uoigfci  aia  inpportod  bj  •  rnma  c  c,  and  turn  upoo  pi- 

valt  4  d.     The  (utou  are  made  of  iron  coaled  with  bnu  or  oopptr, 

MM  ia  Bade  betweaa  Ibeia  u»d  ibe  falnnic  leriu  within  by  sitipa  of  « 

ri4-7S.  rl|.73.  tlt-ti. 


"^         ^nAmttc  lariei  of  3M  pain  of  copper  and  zIdc  plalea  (eonoKted  u  in 

e  a^TI,  each  lirwplaiei  being  between  two  copper  platnc  elate  placed  in  ib 

-^        ■*.*  Tbe  acid  luionr  it  conlainad  in  tbe  iroufiha  A  b,  and  hv  a  partial  nri 

'"•naialaaia  made  to  flow  into  the  Iroughi  coulaiaiagttie  pJalea. 
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Ch>p.i.  and  along  the  wires,  as  shown  by  the  arrows  in  Figs*  66  and  66L 
The  direction  of  the  current  appears  at  first  view  to  be  different  from 
that  of  the  simple  circle ;  since  in  the  latter  the  positive  electric  ear* 
rent  flows  from  the  zinc  through  the  liquid  to  the  copper,  while  io 
the  compound  circle  its  direction  is  from  the  extreme  coppet  throogh 
the  battery  to  the  extreme  zinc  plate.  This  apparent  diflbreftee 
arises  from  the  compound  circle  b^ing  usually  terminate  by  two 
superfluous  plates.  The  extreme  copper  and  extreme  zinc  plalif  of 
Fig.  68  are  not  in  contact  with  the  exciting  fluid,  and  therefore  ete* 
tribute  nothing  to  the  galvanic  action :  removing  these  Saperiuoiit 
plates,  which  are  solely  conductors,  there  will  remain  four  simpb 
circles,  namely,  the  three  pair  of  soldered  plates  marked  9,  S,  4, 
which  act  as  in  Fig.  59,  and  the  then  extreme  plates,  1,  1,  which 
are  related  to  each  other  as  the  plates  in  Fig.  08.  When  tbui  af 
ranged,  the  direction  of  the  current  will  be  seen  to  correlpond  with 
that  of  the  simple  circle. 
^^1°^  296.  During  the  action  of  a  simple  circle,  as  of  zinc  and  ccfpjfKt 
^.  excited  by  dilute  sulphuric  acid,  all  of  the  hydrogen  develop^  intlM 

voltaic  process  is  evolved  at  the  surface  of  the  copper.  This  fact  it 
not  apparent  when  common  zinc  plates  are  used,  owing  to  the  m* 
merous  currents  which  form  on  the  surface  of  the  zinc  (28S); 
but  when  a  plate  of  amalgamated  zinc  and  another  of  platinuin  am 
introduced  into  dilute  sulphuric  acid  of  specific  gravity  1.06B  or  a 
little  higher,  no  gas  whatever  appears  until  contact  betweeo  the 
plates  is  made,  and  then  hydrogen  gas  rises  solely  from  the  f^tioaiiit 
while  zinc  is  tranquilly  dissolved.  The  separation  of  one  ingredieiil 
of  the  exciting  solution  at  one  plate,  while  the  element  previooily 
combined  with  it  unites  with  the  other  plate,  seema  osko- 
tial  to  voltaic  action^  It  is  in  some  way  connected  with  the  pamgo 
of  the  current  across  the  exciting  liquid. 

297.     Among  the  diflerent  kinds  of  voltaic  apparatus  is  imiallj 
placed  the  electric  column  of  De  Luc,  which  is  formed  of  auccessifo 
pairs  of  silver  and  zinc,  or  silver  and  Dutch-metal  leaf,  separaled  bj 
pieces  of  paper  arranged  as  in  a  voltaic  pile.     It  i^  remarkaUa  far 
its  power  of  exhibiting  attractions  and  re[HiIsions  like  commoB  olae* 
tricity,  but  cannot  produce  chemical  decomposition  or  any  of  the 
effects  most  characteristic  of  a  voltaic  current,  and  is  rather  aa  alee* 
trical  than  a  voltaic  instrument.^     T.  94. 
TlMoriM  of     296.  Several  theories  have  been  proposed  for  the  explanatioa  ef 
GftlTiniim.  galvanism  and  its  effects.     Volta  conceived  that  electricity  was  fit 
Volta's,      Iq  motion  and  kept  up,  solely  by  the  contact  or  communicatioD  be- 
tween the  metals.    He  regarded  the  interposed  solution  merely  ai  a 
conductor,  by  means  of  which  the  electricity  of  each  pair  of  pkles  ii 
conveyed  from  one  part  of  the  apparatus  to  the  other. 
Wollu-         ^^*  The  second  theory  is  that  of  Wollaston,  who  assigned  dwi 
um%         cal  action  as  the  cause  of  the  electricity  excited.    He  concladed  thai 
the  process  begins  with  the  oxidation  of  the  zinc,  and  tlmt  the 


Dt  lmc's  e«i.        *Fig.  3,  Frootisjpieoe,  repmeDtt  De  Luc's  colamns,  with  ■  inetftllk  ball 
"*^  bttweeD  them.    The  glass  tubes  are  packed  with  1000  or  1600  pairs  otzin^ 

disks,  the  series  oommeQcin^  with  zinc  io  one,  and  with  silrer  in  th«  other;  thtCT' 
lumiis  terminate  at  bottom  m  small  bells,  between  which  the  ball  it  nttnr'^  — ' 
rmlled  for  a  ooQiiderible  length  of  time,  prodoctng  an  irregular  chiBM.    Sati 
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ftct  of  th«  plates  seryed  only  to  conduct  electricity*    The  third  the-    SecLV. 
rry  was  that  proposed  by  Davy,  who  maintained  that,  though  not 
he  primary  movers  of  the  electric  current,  the  chemical  changes  are  *^^'"» 
tMenlial  to  the  continued  action  of  every  voltaic  circle.     The  elec- 
ne  excitement  was  begun,  he  thought,  by  metallic  contact^  and  main* 
ained  by  chemical  action. 

300l  Conclusive  evidence  against  the  theory  of  Volta  has  very 
«eeDtly  been  obtained  by  Faraday.*  He  proved  metallic  contact 
mC  to  be  essential  to  vdltaic  action,  by  procuring  that  action  quite 
iiaracteristically  without  contact. 

A  pbte  of  nnc.  a,  Fig.  7S,  about  Sinchei  long  by  i  an  inch  Wide^ 
•IB  ele«Md  and  bent  at  a  right  angle :  and  a  plate  of  platinam,  ol 
hm  iwne  width  and  three  inches  long,  was  soldered  to  a  platinum 
vire,  I  #  X,  the  point  of  which,  z^  rested  on  a  piece  of  bil^ulous  p»- 
Mv  lying  upon  the  zinc,  and  moistened  with  a  solution  of  iodide  of 
MiBMhun.  On  introducing  the  plates  into  a  vessel,  c,  filled  with 
lilBto  sulphuric  and  nitric  acid,  a  positire  electric  current  instantly 
mmmd  in  the  direction  of  the  arrow,  as  testified  b^  the  hydrogen 
ivotrod  at  the  plate  4,  by  the  decomposed  iodide  ofjK>tassium,  and 
Iff  a  galvanometer.  We  have  thus  a  simple  circle  or  the  same  con- 
4i«tliuii  and  actioito  as  in  Figure  58,  except  in  the  absence  of  me- 
aBie  coQiaet. 

Another  proof,  aptly  cited  by  Faraday,  of  electric  ex-  ^:;^^ 
atement  being  independent  of  contact,  is  afforded  by  the  spark 
which  appears,  when  the  wires  of  a  pair  of  plates  in  vigorous  action 
m  broo^t  into  contact.  The  spark  is  occasioned  by  the  passage 
if  dtetncity  across  a  thin  stratum  of  air,  and,  therefore,  its  produc* 
Mi  proves  that  electro-motion  really  occurred  while  the  wires  were 
fet  aepaiated  by  a  thin  stratum  of  air,  which  permitted  the  electric 
sorreiit  to  pass>  and  anteriolr  to  their  actual  contact.  This  current, 
m  Faraday's  experiment,  was  so  feeble  compared  with  the  one 
nccited  by  the  acid  solution,  that  its  influence  was  scarcely  ap- 

Ciabb ;    but  if   the  opposed  currents  had  ptg.  7 ;. 

I  of   the  same  foh:e,   no  action    would     

havtt  ensued.     To   illustrate   this  still    inr-  X,,,^, 

iber,  Faraday  fixed  a  plate  of  platinum,  p,  %^|  t 

(Pig.  76)  parallel  and  near  to  a  plate  of  amal-      y         •<-««       z 

gamaied  zinc,  z.     On  placing  a  drop  of  dilute  sulphuric  acid  at  y, 

and  making  metallic  contact  between  the  plate  at  z  p,  a  positive  elec- 

tiie  current  flowed  in  the  direction  of  tne  arrows.    If,  in  the  same 

plates  (Fig.  77),  the  acid  be  introdueed  at  x,  Ftg.n. 

nd  metallic  contact  be  made  at  p  z,  the  cur- 

nat,  passing  as  before  from  zinc  through 

tke  liquid  to  the  platinum,  has  a  direction  op- 

peied  to  that  of  Fig.  69,  owing  to  the  reversed 

pttitioQ  of  the  acid.    If,  then,  in  the  same  plate,  (Fig.  78),  a  drop  of 

Kid  be  introduced  aty  and  z^  the  conditions  are  obviously  fulfilled  for 

fvodueing  two  opposite  currents  of  positive  electricity,  each  fluid  act- 

^u  asabatitute  for  metallic  contact  in  conducting  the  current  which 

^  other  tends  to  generate.     If  these  opposing  currents  happen  to  be 

*Vitl,they  will  annihilate  the  effects  each  separately  would  produce ; 

.*1W  PkOmapkkat  TVantoetiom  oontain  a  ■nccetsion  of  CMaya  oa  Toltaic  electri- 
*l^fraa  tha  |MB  of  Faraday,  in  which  nomeroai  enora  hare  been  tzpoaed  and  new 
*i^  ofdatp  iattraat  eitabbahed. 


^ 
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Ctop.1.    and  if  unequal,  the  stronger  current,  as  in  Fig.  76,  will  annihilate 
the  weaker,  and,  though  with  diminished  power,  impress  its  chaxac* 
ter  on  the  circuit. 
Theory  of       301.  These  considerations,  made  in  reference  to  a  simple  cicela, 
drSes.""**  ^®*^  *^  °"^®  ^  ^^®  theory  of  the  compound  circle.     For  if,  in  Fig. 
78,  a  drop  of  dilute  acid,  which  acts  solely  on  Fig.  78. 

the  zinc,  be  introduced  at  y,  and  a  different  <l  *^  v 

liquid  at  x,  capable  of  corroding  platinum  and  ^  I   |  '  IT 

not  zinc,  then  the  chemical  action  at  y  will  ^  '   I  I  L 

cause  a  positive  current  from  zinc  to  platinum,  y         Z       X 

and  that  at  2;  a  similar  current  from  platinum  to  zinc.  The  two  cur- 
rents tend  to  circulate  in  the  same  direction,  and  each  promotes  the 
progress  of  the  other.  The  same  state  of  things  exists  in  the  betle* 
ries  represented  by  Figs.  66  and  68.  Chemical  action  takioff  place 
on  the  zinc  of  each  pair  of  plates^  there  is  a  tendency  to  establish  aa 
equal  number  of  positive  currents  all  in  the  same  direction  ;  end  the 
simultaneous  effort  of  all  urges  on  the  current  with  a  force  which  it 
could  not  derive  from  a  single  pair  of  plates.  It  is  now,  also,  appe* 
rent  that  all  the  zinc  plates  should  have  their  surfaces  towerds  OM 
side,  and  those  of  copper  towards  the  other :  one  reversed  pair  teodi 
to  establish  a  counter-current,  which  enfeebles  the  influence  of  the 
rest.  On  the  same  principle,  the  exciting  liquid  of  a  voltaic  ciida 
should  act  exclusively  on  one  of  the  plates :  if  the  copper  is  ozidiaad 
as  fast  as  the  zinc,  opposite  currents  will  be  excited,  whicii  more  ar 
less  completely  counteract  each  other.  For  this  reason,  platinum  and 
zinc  act  better  than  copper  and  zinc,  especially  when  nitric  acid  ii 
employed. 
Quantity  302.  Electricians  distinguish  between  quantity  and  intentUy  in 
aodiQteD«i- galvanism  as  in  ordinary  electricity.  Quantity ,  in  reference  to  a 
^'  voltaic  circle,  signifies  the  quantity  of  electric  fluid  set  in  motioo; 

and  by  tension  or  intensity  is  meant  the  energy  or  efibrt  with  which 
a  current  is  impelled.  The  current  of  a  single  pair  of  plates,  though 
variable  in  intensity  according  as  the  nature  and  strength  of  the  ex- 
citing liquid  varies,  never  attains  a  high  tension.  A  compoiiad 
circle  does  not  act  by  directly  increasing  the  quantity  of  electricilfi 
but  by  giving  impetus  or  tension  to  that  which  is  excited. 
Eoergy  et-  303.  The  energy  of  a  voltaic  circle  is  usually  estimated  either  hf 
iimated.  iJ^q  deflection  which  it  causes  on  a  magnetic  needle,  or  by  its  power 
of  chemical  decomposition. 

Chemical  decomposition  depends  on  quantity  and  intensity  tt- 
gether,  and  aflbrds  a  criterion  of  the  increased  tension  of  a  cov* 
pound  circle  due  to  an  increase  in  the  number  of  its  plates. 
Nature  of  304.  Some  conceive  that  what  is  called  an  electric  current  is  B0< 
tlectnaty.  ^^^  actual  transfer  of  anything,  but  a  process  of  induction  among  tkt 
molecules  of  a  conductor  passing  progressively  along  it  OtnM 
denying  independent  materiality  to  electricity,  may  ascribe  it  10  * 
wave  of  vibrating  matter,  just  as  the  phenomena  of  optics  are  es* 
plained  by  the  undulatory  theory.  But  whatever  theory  of  the  si" 
ture  of  electricity  may  be  adopted,  it  seems  necessary,  after  thecs- 
perimeiits  of  Faraday  on  the  identity  of  voltaic  and  common  electritt" 
ty,  that  the  nature  of  an  electric  and  voltaic  current  is  essentially  ^ 
same. 
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305.  When  a  zinc  and  copper  plate  are  immersed  in  dilute  acid,    Sect  v. 
and  the  wire  attached  to  the  former  is  connected  with  a  gold-leaf  __ 
electrometer  of  sufficient  delicacy,  the  leaves  diverge  with  negative  nlTanUm, 
electricity ;  and  on  testing  the  wire  of  the  copper  plate  in  aewiattoiioii  tlgctrcHi^itWU 
manner,  divei^nce  from  positive  electricity  is  obtained.     The  effect  »•*«• 

it  80  feeble  with  a  single  pair  of  plates,  as  to  be  scarcely  apprecia- 
ble ;  bat  with  a  battery  of  many  pairs  it  is  very  distinct,  though  nev- 
er powerful.  The  condition  of  a  battery  which  gives  the  greatest 
divergency  to  an  electrometer  is  that  of  numerous  plates ;  small 
plates  an  mch  square  being  just  as  effectual  as  large  ones. 

306.  A  Leyden  iar  may  be  charged  from  either  wire  of  an  un-  Lejdea  jar 
broken  eircuit,  provided  the  battery  Iw  in  a  state  to  supply  a  large  charged ; 

Eantity  of  electricity  of  high  tension,  as  when  formed  of  numerous 
ir-inch  plates  excited  by  dilute  acid.  When  the  wires  from  such  shock, 
a  battery  are  brought  near  each  other,  a  spark  is  seen  to  pass  be- 
tween diem ;  and  on  establishing  the  communication  by  means  of 
the  hands,  previously  moistened,  a  distinct  shock  is  perceived.  On 
lending  the  current  through  fine  metallic  wires  or  slender  pieces  of 

Cmbfigo  or  compact  charcoal,  these  conductors  become  intensely 
Lted»  the  wires  even  of  the  most  refractory  metals  are  fused,  and 
a  vivid  white  light  appears  at  the  points  of  the  charcoal.  If  the  com-  BTert  on 
mnnieation  be  established  by  metallic  leaves,  the  metals  bum  with  "Mtalt, 
▼irid  acintillations.  Gold-leaf  bums  with  a  white  light,  tinged  with 
bluet  and  yields  a  dark  brown  oxide ;  and  the  light  emitted  by  silver 
is  exeoedingly  brilliant,  and  of  an  emerald-green  colour.  Copper 
emits  a  bluisn-white  light  attended  with  red  sparks,  lead  a  beauti- 
ful purple  light,  and  zinc  a  brilliant  white  light  inclining  to  blue,  and 
fringed  wjth  red.     (Singer.) 

307.  The  phenomena  seem  to  arise  from  the  current  passing  Explaiaad. 
aloni^  these  substances  with  difficulty ;  a  circumstance  which,  as 

they  ate  perfect  conductors,  can  only  happen  when  the  quantity  to 

be  transmitted  is  out  of  proportion  to  the  extent  of  surface   over 

which  it  has  to  pass.     It  is,  therefore,  an  object  to  excite  as  large  a 

quantity  of  electricity  in  a  given  time  as  possible,  and  for  this  pur- 

poae  a  raw  large  plates  answer  better  than  a  great  many  small  ones. 

A  strong  acid  solution  should  also  be  used  ;  since  energetic  action, 

though  of  short  continuance,  is  more  important  than  a  moderate  one 

of  greater  permanence.     A  mixture  of  ten  or  twelve  parts  of  water 

to  one  of  nitric  acid  is  applicable;  or,  for  the  sake  of  economy,  a 

mixtnre  of  one  part  of  nitric  to  two  parts  of  sulphuric  acid  may  be 

lobititated  for  pure  nitric  acid. 

908.  Most  or  the  effects  of  galvanism  are  so  similar  to*  those  of  the  identity  of 

>       electrkal  machine,  that  it  is  impossible  to  witness  and  compare  both  ^^*?^'"'. 

f      leries  of  phenomena  without  ascribin&f  them  to  the  same  agent. ^^^^ *^^' 

^      The  qaeetion  of  identity  early  occupied  the  attention  of  Wollaston, 

f  •      who  made  some  veiy  beautiful  and  conclusive  experiments  to  prove 

I  r      tint  the  chemidd  eTOCts  of  galvanism  may  be  characteristically  pro- 

t  r      loced  by  a  current  from  the  electrical  machine.*     The  subject  has 

f      be«Q  examined  anew  by  Faraday,  who  has  subjected  the  effects  of 

•c-      ekctrieity  and  galvanism  to  a  minute  and  critical  comparison :  he 

y      ki  obtained  ample  proof  of  the  decomposing  power  of  an  electric 

*  PkU.  Trant.  1801. 
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_  carreot  from  an  electriciJ  machine,  both  b;  repeating  the  e^nU 
~  meets  of  WoIloatoD  and  devising  new  onea  of  hia  own.  These  n- 
searches  hare  led  to  a  remarkablo  contrast  between  the  ^auiUtr  of 
.electricity  concerned  in  the  production  of  voltaic  and  ordinary  Mae* 
trical  phenomena.  Faraday  slates,  that  the  quantity  of  electric  flaiJ 
employed  in  decomposing  a  single  grain  of  water  ia  equml  to  ihtlof 
a  very  powerful  flash  of  lightning. 

309.  The   chemical  agency  of  the  voltaic  appantna,  to  vkiell 

chemists  are  indebted  for  their  most  powerful  Insirament  of  analyaii. 

''  was  discovered  by  Carlisle  and  Nicholson.     The  substance  fint  d^ 

.   composed  by  it  was  water.    When  two  gold  or  platinum  wiroa  an 

-  connected  with  the  apposite  ends  of  a  battery,  and  their  free  ezuami* 

ties  are  plunged  into  the  same  portion  of  water,  (Fig.  78,*)  but  with* 

oai  toucliing  each  other,  hydrogen  gas  is  disengaged  at  th«  ntga- 

live  and  oxygen  at  the  positive  wire.     By  collectmg  the  saaet  ia 

separate  tubes  as  they  escape,  (Fig.  81t)  they  are  found  to  M  qilitB 

pure,  and  in  the  exact  ratio  of  two  measures  of  hydrogen  to  ooe  <i 

oxygen.    When  wires  of  a  more  oxidablo  metal  are  employed,  tin 

result  is  somewhat  di^rent.    The  hydrogen  gas  appears  aa  unal 


at  the  negative  wire ;  but  the  oxygen,  instead  of  escaping, 
with  the  metal,  and  converts  it  into  an  oxide. 
■  310.  This  important  discovery  led  many  able  experimenlers  to 
make  similar  trials.  Other  compound  bodies,  such  as  acida  anl 
salts,  were  exposed  to  the  action  of  galvanism,  and  all  of  them  wan 
decomposed  without  exception,  one  of  their  elements  appearing  It 
one  side  of  the  battery,  and  the  other  at  its  opposite  extremity,  Ai 
exact  uniformity  in  the  circumstances  attending  the  decomposititt 
was  also  remarked.  Thus,  in  decomposing  water  or  other  coO' 
pounds,  the  same  kind  of  body  was  alwaya  disengaged  at  the  mns 
aide  of  the  battery.  The  metals,  inflammable  substances  in  general, 
the  alkalies,  earths,  and  the  oxides  of  the  common  metah,  wan 
found  at  the  negative  wire  ;  while  oxygen,  chlorine,  and  the  acid^ 
went  over  to  the  positive  surface. 

311.  Davy  observed  that  if  the  conducting  wires  were  pi nngid 
into  separate  vessels  of  water,  made  to  communicate  by  aome  moiH 
fibres  of  cotton  or  amianthus,  the  Iwo  gases  were  still  disengaged  is 


•Fig.T*.  Sbovdh*  matlii ,-— „     - 

ppantui  Ibc  eollccUng  Iha  gue*  in  lepanu  lobM ; 


la  iconsei  with  iIm  Toluic  appuatoi.    Fig.  |0.    ESmilsr  sntagvBMt 
Um  mind  gaan. 
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their  usual  order*  the  hydrogen  in  one  vessel,  and  the  oxygen  in  the  8«ci«  v. 
other,  just  as  if  the  wires  had  heen  immersed  into  the  same  portion 
of  that  liquid.  This  singular  fact,  and  another  of  the  like  kind  oh- 
served  by  Hisinger  and  Berzelius,  induced  him  to  operate  in  the 
same  way  with  other  compounds,  and  thus  gave  rise  to  his  celebra- 
ted researches  on  the  transfer  of  chemical  substances  from  one  ves- 
iel  to  another.* 

In  tbcte  •iperimeDtf  two  agate  cupa,  n  and  p,  ware  cm-  pig.  sa.  £zp. 

pipved,  the  first  communicating  with  the  negative,  the  second  ^^^^^^ 

wiUi  the  poaitJTe  yr'in  of  the  ^tery,  and  connected  together        ^^  *^^ 
by  moisteiied  amianthus.    On  putting  a  solution  of  sulphate  of     \  «/  A  „  I 

pntiSM  or  soda  into  n,  and  dtBtill^  water  into  p^  the  acid      \  /  \   / 

very  aeon  passed  over  to  the  latter,  while  the  liquid  in  the   ^~T7  \  J  • 

fbrmer,  which  was  at  first  neutral,  became  distincUv  alkaline.      .1  / .Ai  . 

The  procev  was  reversed  by  placing  the  saline  solution  in  p,  and  the  distilled 
water  in  n^  when  the  alkali  went  over  to  the  negative  cup,  leaving  free  acid  in 
the  other. 

That  the  acid  in  the  first  experiment,  and  the  alkaline  base  in 
the  second,  actually  passed  along  the  amianthus,  was  obvious ;  for 
OD  one  occasion,  when  nitrate  of  oxide  of  silver  was  substituted  for 
the  sulphate  of  potassa,  the  amianthus  leading  to  n  was  coated  with 
a  film  of  metal.  A  similar  transfer  was  effected  by  putting  distil- 
led water  into  n  and  p,  and  a  saline  solution  in  a  third  cup  placed 
between  the  two  others,  and  connected  with  each  by  moistehed  ami- 
anthus. In  a  short  time  the  acid  of  the  salt  appeared  in  p,  and  the 
alkali  in  n.  It  was  in  pursuing  these  researches  that  Davy  made 
his  great  discovery  of  the  decomposition  of  the  alkalies  and  earths, 
which  till  then  had  been  regarded  as  elementary.t  t 

312.  Such  is  a  statement  of  the  principal  phenomena  of  electro- 
chemical decomposition  according  to  the  earlier  experiments.  The 
hcxs  then  observed  were  received  as  established  truths  of  science. 
Bat  Faraday,  in  his  revision  of  this  part  of  the  science,  has  not 
only  added  much  new  matter,  but  proved  that  several  points,  which  raraday*! 
were  considered  as  fundamental  maxims,  are  erroneous.  Before  de-  retwrchea. 
scribing  his  results,  however,  it  is  necessary  to  define  the  new  terms 
which  he  has  had  occasion  to  introduce.  In  order  to  decompose  a 
rompound,  it  is  necessary  that  it  should  be.  liquid,  and  that  an  elec- 
tric current  should  pass  through  it,  an  object  easily  effected  by  dip- 


I 


*  Mil.  TVoni.  1807.        t  Ibib.  1808. 

t  Tbit  tmasfer  of  acid  and  alkali  may  be  shown  by  the  fol-  f if  •  83. 

Weiif  arraagemeDt:  Fill  the  glass  tubes  a  a,  Pig>  83, 
vUck  are  closed  at  top  and  open  at  bottom,  with  infusion 
«f  Tielcts,  or  perple  cabbage,  and  invert  tbem  in  the  basins 
^K  "ffatiining  a  solution  of  Glauber's  salt,  and  connected 
W  tkt  glass  tube  e,  also  containing  the  solution  ;  p  and 
^ttcpnUDam  wires,  which  pass  into  the  tubes  nearly  to 
Ik  bottom,  and  which  are  to  be  connected  with  the  positive 
^  sentive  exticmitiea  of  the  Voltaic  ap]iaratus.  It  will 
^faiad  that  ozyfMis  evolved  at  the  wirep,  and  hydrosen 
^  I,  derived  from  Va  decomposition  of  the  water.  The 
wher^  taJt.  which  oonsists  of  sulphuric  acid  and  soda, 
*iU  tlso  he  decomposed ;  and  the  nlue  liquor  will  be  ren- 
^mW  ltd  id  the  positive  vessel,  by  the  accumulation  of  sul-  /  c 
phrie  aod,  ana  green  in  the  negative,  by  the  soda,  while  / 
(^  ,aeid  a»d  alkali  will  each  traverse  the  tube  c  without  ^= 
Wiif,  it  cooMqneDGe  of  being  under  the  influence  of  electrical  attraetion. 

13 
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Chap,!,  ping  into  the  liquid  the  ends  of  the  metallic  wires  which  communi- 
cate with  the  voltaic  circle.  These  extremities  of  the  wirea  are 
commonly  termed  poles,  from  a  notion  of  their  exerting  attractive 
and  repulsive  energies  towards  the  eletnents  of  the  decomposing 
liquid,  just  as  the  poles  of  a  magnet  act  towards  iron ;  and  each  is 
further  distinguished  by  the  term  positive  or  negative,  according  as 
it  affects  an  electrometer  with  positive  or  negative  electricity.  Fara- 
day contends  that  these  poles  have  not  any  attractive  or  repulsive 
energy,  and  act  simply  as  a  path  or  door  to  the  current :  be  hence 
New  termt,  calls  them  electrodes,  from  nlexTQoy,  and  6dog^  a  way.  The  electrodes 
are  the  surfaces,  whether  of  air,  water,  metal,  or  any  other  sub- 
stance, which  serve  to  convey  an  electric  current  into  and  from  the 
liquid  to  be  decomposed.  The  surfaces  of  this  liquid  which  are  in 
immediate  contact  with  the  electrodes,  and  where  the  elements  make 
Anode  and  their  appearance,  are  termed  anode  and  cathode  from  dva,  upwardSf 
Cathode.    ^^^^  ^^^^  ^jj^  y^^y  i^  ^hJch  the  sun  rises,  and  xdro,  downwardi,  the 

way  in  which  the  sun  sets.  The  anode  is  where  the  positive  cur- 
rent is  supposed  to  enter,  and  the  cathode  where  it  quits,  the  de- 
composing liquid,  its  direction,  when  the  electrodes  are  placed  east 
and  west,  corresponding  with  that  of  the  positive  current  which  is 

„.  thought  to  circulate  on  the  surface   of  the  earth.     To  eUctrofyze  a 

lyze.  compound,  is  to  decompose  it  by  the  direct  action   of  galvanism,  its 

name  being  formed  from  nXenr^p  and  Xuoi,  to  unloose,  or  set  free ; 
and  an  electrolyte  is  a  compound  which  may  be  electrolyzed.  The 
elements  of  an  electrolyte  are  called  ions,  from  u)v,  going,  neuter 

Anions.  participle  of  the  verb  to  go.  Anions  are  the  ions  which  appear  at 
the  anode,  and  are  usually  termed  the  electro-negative  ingredients 
of  a  compound,  such  as  oxygen,  chlorine,  and  acids ;  and  the  electro- 
positive substances,  hydrogen,  metals,  alkalies,  which  appear  at  tbs 

Cations,  cathode,  are  cations.  Whatever  may  be  thought  of  the  necessity 
for  some  of  these  terms,  the  words  electrode,  electrolyze,  and  electro- 
lyte, are  peculiarly  appropriate. 

Faraday's       ^^*^-  T^^^  principal  facts  determined  by  Faraday,  may  be  arrsiif- 

results.       ed  under  the  following  propositions  : — 

AUojm  1.  All  compounds,  contrary  to  what  has  been  hitherto  supposed, 

Sec°ro-°°*  are  not  electrolytes,  that  is,  are  not  directly  decomposable  by  sb 

lytes.  electric  current.  But  in  making  this  assertion  it  is  necessary  to 
distinguish  between  primary  and  secondary  decomposition.  Tbns 
water  is  an  electrolyte,  its  hydrogen  being  delivered  up  at  the  negt- 
tive  and  its  oxygen  at  the  positive  electrode.  Nitric  acid  is  not  as 
electrolyte,  on  subjecting  it  to  voltaic  action,  the  water  of  the  solotios 
is  electrolyzed,  and  its  hydrogen  arriving  at  the  negative  electrotk 
decomposes  the  nitric  acid,  water  being  there  reproduced  and  si" 

Secondary  trous  acid  formed.  Very  numerous  secondary  actions  are  occaflOO" 
ed  in  this  way,  because  the  disunited  elements  are  presented  ia  > 
nascent  form,  which  is  peculiarly  favourable  to  ciuunical  action.  Bt 
slow  secondary  actions,  effected  by  very  feeble  cviBOts,  Becaueieli 
Crosse,  and  others,  have  procured  several  crystalline  compounds  sat* 
logous  to  minerals.* 

2.  Most  of  the  salts  which  have  been  examined  are  resolvable  iolo 

*  See  notice  of  Crosse's  eiperimenU  in  Sixth  Bepori  qf  BrUith  Anodatkn,  f^  O- 


acid  and  oxide,  apparently  without  reference  to  their  proportions.  SacuV. 
But  in  compounds  of  two  elements,  the  ratio  of  combination  has  an 
influence  which  has  hitherto  been  wholly  overlooked.  No  two  ele- 
ments appear  capable  of  forming  more  than  one  electrolyte.  Sub- 
stances which  consist  of  a  single  equivalent  of  one  element  and  two 
or  more  equivalents  of  some  other  element,  are  not  electrolytes: 
this  is  the  reason  why  sulphuric  and  nitric  acid  and  ammonia  do 
not  yield  primarily  to  voltaic  action.  This  principle  bids  fair  to  be- 
come very  important  in  determining  which  of  several  compounds  of 
two  elements  contain  single  equivalents,  (116  note.)  Water,  which 
is  remarkable  for  its  easy  decomposition,  may  hence  be  inferred  to 
be  a  true  binary  compound. 

3.  ,It  lias  been  ascertained  that  most  of  the  elements  are  ianSf  and  Most  el«- 
it  is  probable  that  all  of  them  are  so  ;  but  there  are  several  which  P*"**  "• 
have  not  yet  been  proved  to  be  so. 

4.  A  single  ion,  that  is,  one  ion  not  in  combination  with  another.  Character 
has  no  tendency  to  pass  to  either  of  the  electrodes,  and  is  quite  in-  lyuc  actioo. 
diflerent  to  the  passing  current,  unless  it  be  itself  a  compound  ton, 

and  therefore  electrolyzable.  The  character  of  true  electrolytic  ac- 
tion consists  in  the  separation  of  ions,  one  passing  to  one  electrode 
and  another  to  the  opposite  electrode,  and  appearing  there  at  the 
same  instant,  unless  the  appearance  of  one  or  both  be  prevented  by 
some  secondary  action. 

5.  There  is  no  such  thing  as  a  transfer  of  iom  in  the  sense  usual-  No  transfer 
ly  understood.     In  order  that  the  elements  of  decomposed  water  **^'®'**' 
should  appear  at  the  opposite  electrodes,  there  must  be   water  be- 
tween the  electrodes ;  .and  for  the  similar  separation   of  sulphuric 

acid  and  soda,  there  must  be  a  line  of  particles  of  sulphate  of  soda 
extending  friim  one  electrode  to  the  other. 

6.  Faraday  has   proved  that  even  air  may  serve  as  an  electrode.  Air  may  be 
A  current  from  the  prime  conductor  of  an  electrical  machine  was  "M^^^ 
made  to  pass  from  a  needle's  point  through  air  to  a  pointed  piece  of  "^*'^^* 
litmus  paper  moistened  with  sulphate  of  soda,  and   then  to   issue 

from  a  similarly  moistened  point  of  turmeric  paper.  True  electroly- 
tic action  took  place,  the  litmus  becoming  red  and  the  turmeric  paper 
brown,  though  both  extremities  of  the  decomposing  solution  commu- 
nicated solely  with  a  stratum  of  air. 

7.  Electro-chemical  decomposition  cannot  occur  unless  an  elec-  Electro- 
trie  current  is  abtually  transmitted  through  it ;  or,  in  other  terms,  an  |7^*^' 
electrolyte  is  always  a  conductor  of  electricity.     Water,  which  con- 
ducts an  electric  current,  ceases  to  do  so  when  it  passes  into  ice,  and 

then  also  resists  decomposition — an  observation  equally  true  of  all 
electrolytes  in  becoming  solid. 

S.  Chemical  compounds  differ  in  the  electrical  force  required  for  Force  re- 
decomposition.  T^^. 

9.  The  conduction  of  the  electric  currents  within  the  cells  of  a  Eieciro- 
▼olttic  circle  dipnids  on  chemical  decomposition  equally  with  that  lytes  only, 
^ween  platinam  electrodes.     No  substance  not  an  electrolyte  can  ""le. 
^rre  to  excite  a  voltaic  apparatus,  and  for  the  passage  of  electricity 
^RKn  plate  to  plate  through  the  intervening  solution,  the  separatira 
^sabstances  previously  combined  in  the  required  ratio  is  essential. 

314.  In  experiments  on  decomposition  the  course  of  the  electricity  g|jj^*,^j 
shoQM  b»  facilitated  by  employing  large  electrodes  and  wires,  and  be  regarded 
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placing  them  at  a  short  distance  from  each  other  in  a  good  conduct- 
ing solution.  It  is  important,  also,  that  all  the  cells  of  a  circle  be 
excited  with  a  liquid  of  the  same  strength.* 

315.  In  a  voltaic  circle  in  which  no  zinc  is  oxidized  but  what  con- 
tributes to  excite  an  electric  current,  the  quantity  of  zinc  dissoWed  is 
a  given  time  from  each  plate  is  in  a  constant  ratio,  not  only  to  the  hy- 
drogen gas  evolved  from  the  corresponding  copper  plate,  but  to  the  hy- 
drogen set  free  at  the  negative  electrode.  The  ratio  is  such,  that  &» 
parts  of  zinc  are  dissolved  during  the  evolution  of  1  part  of  hydrogoi 
gas ;  and  the  conclusion  which  Faraday  has  drawn  from  this  woi 
numerous  similar  experiments  is,  that  the  quantity  of  electricity  set 
in  motion  by  the  oxidation  of  32.3  grains  of  zinc  exactly  suffices  for 
resolving  9  grains  of  water  into  its  elements.  If  the  same  ci|neiit» 
by  means  of  4  pairs  of  electrodes,  be  made  to  decompose  water»  chlo- 
ride of  silver,  chloride  of  lead,  and  chloride  of  tin,  all  in  the  liqaid 
state,  the  quantities  of  hydrogen,  silver,  lead,  and  tin  eliminate  at 
the  4  negative  electrodes  will  be  in  the  ratio  of  1,  108,  103.6,  anJ 
57.9 ;  while,  at  one  positive  electrode,  oxygen,  and  at  the  throe 
others  chlorine,  in  the  ratio  of  8  to  35.4,  are  separated.  It  thus  dis- 
tinctly appears — ^and  it  is  a  new  and  important  discovery — that  eko- 
trO'Chemical  decomposition  is  perfectly  definite,  a  given  quantity  of 
electricity  evolving  the  ingredients  of  compound  bodies  in  well  do- 
fined  and  invariable  proportions,  to  which  Faraday  has  given  tho 
name  of  dectrcxhemical  eguivalents.  The  reader  will  at  once  too 
that  these  numbers  are  identical  with  the  chemical  equivalents  (too 
table).  Another  connexion,  then,  closer  than  any  before  traced,  it 
established  between  electricity  and  chemical  attraction,  shovrioga 
mutual  dependence  and  similarity  of  efiect  between  two  agenciei» 
such  as  almost  forces  a  belief  in  their  identity.     T.  i06. 

316.  The  definite  nature  of  electro-chemical  action,  suggested  to 
Faraday  a  ready  mode  of  estimating  the  quantity  of  electricity  txicor 
lating  in  a  voltaic  apparatus.  The  instrument  is  contrived  to  coUoct 
the  gases  evolved  from  acidulated  water  during  a  given  interval 
in  a  tube  divided  into  equal  measures,  which  then  expresses  d^ 
grees  of  electricity,  just  as  the  expansion  of  a  liquid  in  a  thenaoflH 
eter  indicates  degrees  of  temperature.  The  instrument,  as  con- 
structed for  this  object,  is  called  by  Faraday  a  volta-deetrumlir* 
Various  forms  of  it  have  been  described  by  him,  according  as  it  it 
wished  to  collect  oxygen  or  hydrogen  separately  or  both  togetber.t 

*  A  mixture  of  a  proper  strength  for  galTanic  troughs,  is  obtained  by  addiis  *■* 
parts  in  bulk  of  oil  of  Titriol  and  one  part  of  Gommon  nitric  acid  to  y>]«.  §|. 

100  parts  of  water,  the  whole  being  well  stirred  together  antil  well 
mixed.  Its  power  should  lie  tested  before  it  is  poured  into  the 
troughs,  by  dipping  a  clean  piece  of  zinc  into  a  little  of  it  in  a  fflass. 
and  obserring  the  deme  of  action.  A  stream  of  bubbles  shoola 
be.  disengaged,  so  smsJl  that  their  size  can  hardlv  be  determined  by 
the  nakra  eye.  If  the  action  be  strons,  and  bubbles  of  a  considera- 
ble size  are  evoUed,  more  water  should  be  added.  For  full  direc- 
tions  for  operating  with  voltaic  apparatus,  see  Faraday's  flbst. 
AfoT^p.  445. 

t  See  Faraday's  papers  in  PkUo&.  Traiu.  (seTcnth  series),  1884, 
86.    One  of  the  most  couTenieut  forms  is  represented  bv  Fig.  84. 
is  composed  of  three  pieces,  a  wooden  support,  a  glass  tube, 
and  chamber.    The  two  latter  are  fitted  with  brass  collars  screw- 


£ 


ing  into  each  other.  The  tube  is  131  inches  long,  and  6-6thsofaa 
inch  in  diameter,  open  at  bottom,  closed  at  top,  ana  divided  into  to- 
bic  inches  and  parts.    The  chamber  is  44  incbta  in  diameter  at  \hm 
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317.  The  most  celebrated  attempt  to  explain  the  pbenom^na  of   Sect,  v. 
^Wanism,  was  made  by  Davy  in  bis  essay  on  Some  Chemical  Ageri'  Theories  of 
:iesof  Electricity  (Phtl.  Trans,  1907),  by  means  of  an  hyjJothesis  •j^«i'p- 
(?hich  has  received  the  appellation  of  the  electro-chemical  theory.  He  decoopoti- 
considered  that  a  certain  electric  condition,  either  positive  or  uega-  tiou, 
live,  is  natural  to  the  atoms  or  combining  molecules  of  bodies  ;  that 
:hemical  union  is  the  result  of  electrical  attraction  taking  place  be- 
tween oppositely  excited  atoms,  and  that  ordinary  chemical  decom- 
position arises  from  two  combined  atoms  being  drawn  asunder  by  the 
slectric  energies  of  other  atoms  more  potent  than  those  by  which 

they  were  united.  Davy  regarded  the  metallic  terminations  or  poles  ^^**» 
of  a  voltaic  circle  as  two  centres  of  electrical  power,  each  acting  re- 
pulsively to  particles  in  the  same  electric  state  as  itself,  and  by  at- 
traction on  those  which  were  oppositely  excited.  The  necessary 
reault  was,  that  if  the  electric  energy  of  the  battery  exceeded  that  by 
which  the  elements  of  any  compound  subject  to  its  action  were  held 
together,  decomposition  followed,  and  each  element  was  transferred 
bodily  to  the  pole  by  which  it  was  attracted.  Substances  which  ap- 
peared at  the  positive  pole,  such  as  oxygen,  chlorine,  and  acids,  were 
termed  eleetro^ugative  substances ;  and  those  electro-positive  bodies, 
which  were  separated  at  the  negative  polo. 

318.  Faraday  contends  that,  between  the  electrodes  and  acting  in  Faraday's. 
right  lines,  there  is  an  axis  of  power  which  urges  the  electro-negative 
element  of  an  electrolyte  in  the  direction  the  positive  current  moves, 

and  gives  an  opposite  impulse  to  the  electro-positive  element.  He 
adopts  tho  opinion  of  Grotthuss,  that  the  decomposing  influence  is 
nd  exerted  on  any  single  particle  of  the  electrolyte,  but  that  rows  of 
particles  lying  between  the  electrodes  are  equally  subject  to  its  ac- 
tion. When  a  particle  of  oxygen  is  evolved  at  the  positive  electrode, 
the  hydrogen  with  which  it  had  been  combined  unites  with  the  oxy- 
gen of  a  contiguous  particle  of  water,  on  the  side  towards  which  the 
poaitive  current  is  moving ;  the  second  particle  of  hydrogen  decom- 
poaea  a  portion  of  water  still  nearer  to  the  negative  electrode ;  and 
the  same  process  of  decomposition  and  reproduction  of  water  con- 
tinues until  it  reaches 'the  water  in  immediate  contact  with  the  nega- 
tive electrode*  the  hydrogen  of  which  is  disengaged.  This  operation, 
described  as  commencing  at  one  electrode,  takes  place  simultane- 
ously at  both :  a  row  of  particles  of  oxygen  suddenly  lose  their 
affinity  for  the  hydrogen  situated  on  the  side  next  the  negative  elec- 
trode, in  favour  of  those  respectively  adjacent  to  each  on  the  other 
side  ;  while  the  affinity  of  a  similar  row  of  particles  of  hydrogen  is 
diminished  for  the  oxygen  on  the  side  of  the  positive  electrode,  and  is 


and  4|  in  height.    Through  a  short  crlinder  of  wood,  cemented  into  the  bottom  of 

Um  cbamber,  pass  two  platinum  wires,  prolonged  by  larger  wires  that  dip  into  a  «mall 

SoantitT  of  quicksilTer  in  a  carit j  in  the  centra  ofthe  wooden  support ;  the  caTity  Is 
rfided  by  a  partitiaQ,and  each  wire  communicates  with  a  separate  portion  of  the  quick- 
silver: wirea  nasa  li|Biall  brass  cups,  on  the  support,  to  contain  quicksilver :  thus  the 
eooaezion  witn  any  apparatus  is  readily  made.  When  preuared  for  use,  the  chamber  is 
to  be  filled  to  about  three  fourths  with  dilute  sulphuric  acid  of  specific  grsTity  1 .336,  or 
liQiD  tlMt  to  specific  gravity  1.26.  The  tube  is  then  filled  with  the  same  liquid,  and  a 
piaet  of  ciaaii  paper  of  a  size  to  cover  the  open  end,  is  pressed  upon  it.  The  tube  can 
now  be  inrertecl  and  introduced,  the  paper  withdraN^n  by  a  glass  rod,  and  the  U^ 
sciawtd  oo.  The  connexion  is  now  made,  the  evolved  gases  rise  to  the  upper  part  of 
tke  tabc,  and  their  volumes  are  ascertained  by  inspection.  This  form  of  tne  appara- 
MM  ia  as  iaiprovanent  on  that  of  Fig.  9,  in  the  paper  abova  ralcrred  to. 
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Chap  n.    increased  for  those  on  their  opposite  side.     Hence,  for  the  elimiiii- 
tion  of  the  elements  of  an  electrolyte  at  the  electrode,  it  is  essentiii 
that  the  electrolyte  itself  should  occupy  the  space  between  the  elec- 
trodes, and  be  in  contact  with  them.     The  theory,  however,  is  at 
present  incomplete. 
Magnetic        319.  The  power  of  lightning  in  destroying  and  reversing  tht 
effects  of    poles  of  a  magnet,  and  in  communicating  magnetic  properties  It 
gaiTJoism.  pjpj,gg  Qf  jj.Qj^  ^.hich  did  not  previously  possess  thero,  was  noticed  at 
an  early  period  of  the  science  of  electricity,  and  led  to  the  supposi- 
tion that  similar  ejects  may  be  produced  by  the  common  eleeUical 
and  voltaic  apparatus.     Attempts  were  made  to  communicate  the 
magnetic  virtue  by  means  of  electricity  and  galvanism  ;  bat  no  le- 
suits  of  importance  were  obtained  till  the  winter  of  1819,  wkea 
Oersted  of  Copenhagen  made  his  famous  discovery,  which  fonns  the 
basis  of  a  new  branch  of  science.* 

The  fact  observed  by  Oersted  was,  that  the  metallic  wire  of  a 
closed  voltaic  circle,  and  the  same  is  true  of  charcoal,  saline  fluids* 
and  any  conducting  medium  which  forms  part  of  a  closed  circle, 
causes  a  magnetic  needle  placed  near  it  to  deviate  from  its  nataial 
position,  and  assume  a  new  one,  the  direction  of  which  depends  apoa 
the  relative  position  of  the  needle  and  the  wire.t 

320.  In  1832  Forbes  succeeded  in  obtaining  a  spark  from  a  magnst 
without  the  aid  of  galvanism,  and  various  methods  have  since  been  con- 
trived.    By  causing  the  armature  of  soft  iron  to  revolve  with  rapidity 
in  front  of  the  poles  of  a  powerful  magnet,  very  remarkable  resahi 
have  been  obtained.     The  voltaic  currents  Are  induced  in  one  din^ 
tion  as  the  armature  approaches  the  magnetic  poles,  and  are  roTerssd 
as  it  quits  them  ;  so  that  the  currents  change  their  direction  twice  in 
each  revolution.     On  all  these  occasions  the  source  of  the  electnei^ 
is  the  same,  being  always  induced  in  the  silked  wire  OF^helix  wiu 
which  the  armature  is  covered ;  it  has  all  the  characters  of  a  vollsic 
current.     It  produces  brilliant  sparks,  renders  platinum  wire  red  bsl, 
and  gives  a  strong  shock.     It  readily  explodes  gunpowder,  ends 
mixture  of  oxygen  and  hydrogen  gases.     It  decomposes  water  n- 
pidly ;  and  though  from  the  rapid  reversal  in  the  direction  of  lh$ 
currents,  both  gases  are  given  off  at  the  same  wire,  Pixii  sucoesded 
in  collecting  them  separately. t     (An,  de  Ch,  et  de  Ph.  H.  72.) 


CHAPTER  II. 
Section  I.     Nomaulature, 


321.  The  names  formerly  applied  to  chemical  substances,  ivsn 

^^^'  often  fanciful  and  even  absurd,  but  in  1787  a  new  nomenclatare  WM 

framed  by  the  celebrated  French  chemists  LaToisier,  Bertboib^ 

*  Ann.  of  PhiloB.  xvi.  273. 

t  On  t^if  sabjecl,  which  belongs  more  to  physics  than  chemistrr,  Me  tht  abk  tilli** 
'^  Turner's  Elements,  p.  109. 

t  For  fieures  and  description  of  magnetic  electrical  apparatus,  ttt  Amtr.  ^' 
zzxiii.  p*  213,  and  zziiv.  p.  368. 


and  FourcToy.t     Such  names  as  had  been  already  given      g^i« 
own  elementary  substances,  and  the  more  famibur  com- 
ere  retained.     To  the  newly  discovered  elements,  names 
n  expressive  of  some  striking  property.     To  the  beautiful 

0  which  the  property  of  imparling  acidity  was  believed  ex-  Pfinciplet 
to  belong,  tne  name  oxygen  was  given,  from  the  Greek  menclaiure. 

and  Y^wPBiv  to  generate  :  to  inflammable  air,  which,  with 
•mposes  water,  the  name  hydrogen  was  given,  from  {)d^ 
d  yBvvetv,     New  elementary  substances  have  since  been 

the  same  principle,  as  the  green  gas  chlorine  from  /^^ 
dine  from  its  violet  colour,  'Ic^Ji^;  violet,  &c. 

he  act  of  combining  with  oxygen  was  called  oxidation^  and  OiidatioD. 
ich  had  united  with  it  were  said  to  be  oxidized.     Com- 
f  which  oxygen  forms  a  part,  were  called  acids  or  oxides^  Acids  and 
as  they  do  or  do  not  possess  acidity.     An  oxide  of  copper  °**  **' 
j^i6ed  a  combination  of  those  metals  with  oxygen,  which 
id  properties.     The  termination  ide  was  also  applied  to  simi- 
nations  of  chlorine,  iodine,  dc^c,  thus  we  have  chlorides, 
c. 

he  combinations  of  the  simple  non-metallic  substances,  ei-  urets. 
one  another,  with  a  metal,  or  with  a  metallic  oxide,  were 
ly  the  termination  uret.     Thus  stdphuret  and  carburet  of 
ify  compounds  of  sulphur  and  carbon  with  iron.     The  dif-  Oxides  how 
des  or  sulphurets  of  the  same  substance  were  distinguished  ^*'**l1i 

another  by  some  epithet,  which  was  commonly  derived 
colour  of  the  compound,  as  black  and  red  oxides  of  iron, 
red  sulphurets  of  mercury.  Though  this  practice  is  still  con- 
»8ionally,  it  is  now  more  customary  to  distinguish  degrees 
ion  by  the  use  of  derivatives  from  the  Greek  or  Lmtin. 
protoxide  of  a  metal  denotes  the  compound  containing  the 

of  oxygen,  or  the  first  oxide  which  the  metal  is  known  to 
>xide  the  second,  ter  or  ^nVoxide  the  third  ;  and  when  per^ 
mployed,  it  denotes  the  highest  degree  of  oxidation.     The  Sesqoioz- 
rd  sesqui,  one  and  a  half,  is  used  as  an  afBx  to  an  oxide,  '^^'' 
*n  in  which  is  to  that  in  the  first  oxide  as  11  to  li  or  as  3  to 
sulphurets,  carburets,  &c.,  of  the  same  substance  are  desig- 

1  similar  way. 

*lie  name  of  an  acid  was  derived  from  the   substance  acidi-  Acids. 
le  oxygen,  to  which  was  added  the  termination  in  ic.   Thus 

and  carbontc  acids,  signify  acid  compounds  of  sulphur  and 
ith  oxvgen.  If  sulphur  or  any  other  body  should  form  two 
t  which  contains  the  least  quantity  of  oxygen  is  made  to 

in  0K#,  as  sulphuroi^j  acid. 

bmpounds  consisting  of  acids  in  combination  with  metallic  ^1^"- 
*  any  alkaline  bases,  were  termed  scdts,  the  names  of  which 
contrived  as  to  indicate  the  substances  contained  in  them, 
dified  substance  contained  a  maximum  of  oxygen,  the  name 
It  terminated  in  ate  ;  if  a  minimum,  the  termination  in  ite 
loyed.     Thus  the  sulpho/e,  phospha/6,  and  arsenio/e  of  po- 

salts  of  sulphur/c,  phosphorrc,  and  arsenic  acids ;  while 

ttftsting  Uogmphies  of  thtte  tmintat  inca,  tec  Thomaon't  tBtkry  ^ 
v0l.iL 
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ohAp,n,  the  terms  8ulphi/«,  phosphide,  and  arsenide  of  potassa,  denote  combi- 
nations  of  that  alkali  with  the  sulphurota,  phoephorota,  and  aneni* 
aus  acids. 

326.  After  the  discovery  of  the  laws  of  chemical  combination,  the 
Neatral.     nomenclature  was  much  improved.     What  were  before  called  neutrd 

salts,  fFom  the  acid  and  alkali  being  in  scich  proportions  aa  to  nea- 
Saper-salu.tralize  each  other,  ^/^er-salts  from  the  prevalence  of  acid,  and  mi- 
salts  from  the  excess  of  alkali,  were  named  from  their  atomic  consti- 
tution. If  the  salt  is  a  compound  of  one  proportion  of  the  acid  and 
the  alkali,  the  generic  name  of  the  salt  is  employed  withoat  any 
other  addition  ;  but  if  two  or  more  proportions  of  the  acid  art 
attached  to  one  of  the  base,  or  two  or  more  of  the  base  to  one  of 
the  acid,  a  numeral  is  prefixed  so  as  to  indicate  its  compositiiNi. 
The  two  salts  of  sulphuric  acid  and  potassa  are  called  sulphate 
and  ^isulphate ;  the  first  containing:  an  equivalent  of  the  acid 
and  the  alkali,  and  the  second  salt,  two  of  the  former  lo  one 
of  the  latter.  The  three  salts  of  oxalic  acid  and  potassa  art 
termed  the  oxalate,  ^inoxalate,  and  ^t^roxalate  of  potassa ;  because 
one  equivalent  of  the  alkali  is  united  with  one  equivalent  of  tcid 
in  the  first,  with  two  in  the  second,  and  with  four  in  the  third  salt* 

327.  The  views  of  chemists  in  regard  to  acids,  alkalies,  and  salts, 
have  been  much  extended.  Several  of  the  metals  form  acids  with 
oxygen,  and  others  alkalies.  The  acids  and  alkalies  give  rise  to 
compounds  more  complex  than  themselves,  containing  at  least  thres 
elements,  and  these  are  known  by  the  name  of  salts  ;  most  of  tham 
unite  in  definite  proportions  with  certain  substances,  and»  with  other 
salts,  forming  double  salts^  Chemists  are  now  inclined  to  consider  u 
acids  all  compounds  which  unite  with  potassa  or  ammonia,  and  giie 
rise  to  bodies  similar  in  constitution  and  general  character  to  the  salts 
which  the  sulphuric  or  some  admitted  acid  forms  with  those  alkalies. 

Alkalies.  328.  The  characters  of  alkalies  are  exhibited  most  perfectly  ia 
potassa  and  soda ;  they  are  causticity,  a  peculiar  pungent  taste,  alka- 
line reaction  with  test  paper,  and  power  of  neutralizing  acids,  and 
especially  of  forming  with  them  neutral  saline  compounds.  Such 
are  called  alkaline  or  salifiable  bases,  which  unite  definitely  with  ad- 
mitted acids,  and  form  compounds  analogous  in  constitution  to  the 
salts  from  admitted  alkalies  and  acids. 

329.  The  salts  are  now  viewed  as  compounds  of  oxidized  bodies, 

^'"nd^ed  ^^^  ^^^  °^^^  ^"^  ^^^  Containing  oxygen.     Ammonia,  though  not 
bodies.       &n  oxide,  has  all  the  characters  of  an  alkali,  and  its  compounds  wilb 

acids  are  admitted  as  salts. 
Orders.  «^*  Salts  have  been  divided  by  Turner  into  four  orders,  viz.  1.  aof* 

salts  ;  2.  hydro-salts  ;  3.  sulphur-salts  ;  and  4.  haloid'talts.     In  ikt 
first,  the  acid  or  base  is  an  oxidized  body,  in  the  second  it  cootaisi 
hydrogen,  in  the  third  the  electro-positive  or  negative  ingredient  ii 
a  sulphuret,  and  in  the  fourth  it  is  haloidal. 
The  nomenclature  of  the  hydro  salts  is  framed  on  the  same  prioei- 

*  As  the  numerals  which  denote  the  equiTalents  of  the  acid  in  a  super  salt  are  di* 
ri^ed  from  the  Latin,  it  has  l>een  proposed  by  Thomson  to  employ  the  Greek  dviimi>|{ 
diit  trtM,  Uirakia,  to  signify  the  equiTalents  of  alkali  in  a  tubtatt.  Turner  has  exlss^ 
this  by  distinguishing  two  or  more  equivalents  of  the  negatiTely  electrical  elemcal  bf 
Latin  numerals,  and  the  positive  element  bj  Greek  numerals.  Thus  a  Mchloride/** 
notes  a  compound  which  contains  two  equiralents  of  the  nentive  eleiMBt  cklofiiii 
and  (^chloride  indicates  one  equiTalcnt  ot  chlorina  with  two  of  soom  positift  bady. 
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pics  as  those  applied  to  salts  which  contain  oxygen.     No  general    Sect.!. 
principle  of  nomenclature  has  yet  been  agreed  upon  with  respect  to 
the  third  and  fourth  order,     oerzelius  has  extended   to  them  the 
same  nomenclature  which  he  employs  for  the  oxy-salts. 

331.  The  Ao/oti-salts  of  Berzelius  (from  cUp  sea-salt,  and  eldog 
form)  are  those  which,  in  constitution,  are  analogous  to  sca-salt.  ^JjJ^ 
They  are,  for  the  most  part,  bi-eleroentary,  consisting  of  a  metalt  and 

of  chlorine,  iodine,  bromine,  fluorine  and  the  radicals  of  the  bydr- 
acids.*     The  haloid -salts  are  analogous  to  oxides  and  sulphurets.t 

332.  In  the  compounds  of  metallic  sulphurets  (double  suiphurets) 
Berzelius  has  found  an  exact  analogy  with  the  salts,  and  called  them 
tulphur'talts.     The  union  of  simple  sulphurets  forms  a  itt/p^ur-salt  Salphor 
analogous  in  constitution  to  acids  and  alkaline  bases,  and  which,  ^i^®  "r^nL^lj*. 
them,  are  capable  of  assuming  opposite  electric  energies  in  relation  Qg. 

to  each  other.  Electro- positive  sulphurets  are  termed  sulphur* 
bases,  and  are  usually  the  protosulphurets  of  electro-positive  me- 
tals, corresponding  to  the  alkaline  bases  of  those  metals.  Electro- 
negative sulphurets,  sulphur  acids,  are  the  sulphurets  of  electro- 
Dcgatire  metals,  and  are  proportional  in  composition  to  the  acids 
which  the  same  metals  form  with  oxygen.  Hence  if  the  sulphur 
of  a  sulphur-salt  were  replaced  by  an  equivalent  of  oxygen,  an 
ozy-Mlt  would  result. 

333.  Most  salts  are  solid  at  common  temperatures  and  susceptible  cbanetm 
of  crystallization  ;  they  vary  in  colour.     The  soluble  salts  arc  moreofadu. 
or  less  sapid,  the  insoluble  are  insipid ;  few  of  them  possess  odour. 

They  diner  in  their  affinity  for  water  (page  5),  and  in  solubility. 
Some  dissolve  in  less  than  their  weight  of  water;  others  rc(/uire  se- 
veral hundred  times  their  weight ;  others  are  quite  insoluble  ;  this 
difierence  depends  on  their  affinity  for  water,  and  on  their  cohesion ; 
their  solubility  being  in  direct  ratio  with  the  first,  and  io  inverse  ratio 
with  the  second. 

334.  The  relative  degrees  of  affinity  of  salts  for  water  may  be  Affinity  of 
estimated  by  dissolving  equal  quantities  of  sali^  in  equal  <iu&n<i^i^  ^|^/^ . 
of  water,  and  heating  the  solution.     That  salt  which  has  the  great- JJJ^Jn^" 
est  affinity  for  the  menstruum  will  retain  it  with  most  force,  and  will, 
therefore,  require  the  highest  temperature  for  boiling. t 

335.  The  term  gas  is  applied  to  those  elastic  fluids,  except  the  at-Gu,  what, 
mosphere,  which  retain  their  aeriform  state  at  common  temperatures, 

and  which  cannot  be  made  to  change  their  form  unless  by  roach 
irreater  pressure  than  they  are  naturally  exposed  to.  They  difler 
from  vapours  in  the  relative  forces  with  which  they  resist  condensation. 

*The  BMUlIic  chlorides,  iodides,  bromides,  and  fluorides,  the  cymoQrets,  sulphoqr- 
awiets,  aod  fcrrocyanureu,  art  ioclttdcd  by  Berzelius  amoog  the  haloid  salu.  (ilRit. 
it GUm.  ef  de  Phy.  zxzii.  60) 

t  Oa  this  subject  coqsqU  Tomer's  Element;  404.  The  haloid  salu  of  Beraelius  are 
tkt  kaloid  acids  and  bases  of  Tamer,  and  the  double  haloid  salts  of  the  former  are 
tW  kaleid  salu  of  the  laxier  chemisu 

tGay  Lassac,  An,  de  Chim,  Uxxii. 


«  M 


106 


Jlpparatw  and  Manipulation. 


-^Chap.  lit 


Section  II.     Apparatus  and  Manipulation. 


Apptntat.  ^6*  Poi'  performing  exporiments  on  gases,  several  articles  of  apparatus  are  ne- 
cessary, consisting  jmrtly  of  vessels  fitted  for  containing  the  materials  that  afford 
them,  and  partly  or  vessels  adapted  to  the  reception  of  gases,  and  for  submittiBg 
them  to  experiment. 

Qas  bottles.  ^^^  procuring  such  gases  as  are  producible  without  a  very  strong  beat,  glsa 
vessels,  fbmished  with  ground  stoppers  and  bent  tubes  are  sufficient  Of  these, 
several  will  be  required  of  different  sizes  and  shapes.    A  Florence  flaakt  with  a 


Fig.  85. 


Fig.  66. 


Fig.  87. 


eork  perforated  by  a  bent  glass  tube,  or  even  a  tin  pipe,  will  serve,  for  obtiiniig 
some  of  the  gases.  Those  gases  that  require  for  their  liberation  a  red  heat,  OMf 
be  procured  oy  exposing  to  heat  the  substances  capable  of  affording  then,  ii 
coated  earthen  retorts  or  tubes,*  or  in  a  gun  barrel,  the  touch-hole  of  which  mi 
been  accurately  closed  by  an  iron  pin.  To  the  mouth  of  the  barrel  nmat  be  aF 
fixed  a  tube  bent  so  as  to  convey  the  gas  where  it  may  be  requisite.t 

A  very  convenient  apparatus  for  obtaining  such  gases  as  cannot  be  dMengsgsA 

Apparatus  without  a  red  heat,  consists  of  a  cast-iron  retort  (Fig  89).  This  may  have  a 
for  gases,  jointed  metallic  conducting  tube  fitted  to  it  by  grindine  (Fig.  90).  It  is  rept- 
te3"hciiif  eented^s  placed,  when  in  actaal  use,  within  the  bars  of  a  common  fiie-grats,  B. 
(Fig.  ItQ.)  The  wrought  iron  bottles  in  which  quicksilver  is  imported,  form  eonvs- 
nient.xetotta  for  this  purpose,  a  sun  barrel  being  screwed  into  the  neckof  thebottls. 
When  thesb  are  used  (as  for  obtaining  oxygen  fas),  the  foel  should  be  charcoal; 
they  are  liable  to  melt  if  anthracite  coal  is  usedT 


Ceatiag  of 

wla. 


*  When  a  coating  must  sustain  a  very  high  temperature,  it  should  be  made  of  tbe 
best  Stourbridge  clav,  laade  into  a  paste,  beaten  until  perfectly  elastic  and  imifiam. 
A  portion  should  be  flatttti^d  out  into  a  cake  of  the  required  thickness  anti  size  adsil- 
ed  to  the  vessel.  If  the  VMsel  be  a  retort  or  flask,  it  should  be  placed  in  the  flnddlt 
of  the  cake,  and  the  edge  of  the  latter  be  raised  on  all  sides,  and  gradually  OMMiMsd 
and  applied  to  the  glass ;  if  it  b«  a  tube,  it  should  be  laid  upon  one  edge  of  I 


forward. 


„         tbeplm 
In  all  cases  the  snrfoce  le  bs 


and  then  applied  by  slowly  rolling  the  tube 

coated  should  be  nibbed  over  with  apiece  ol  the  lute  dipped  in  water,  for  the  porjpsM 
of  moistening,  and  leaving  a  little  ofihe  earth  upon  it;  and  if  anypart  of  thesamci 
becomes  dry  before  the  lute  is  applied,  h  should  be  remoisteoed.    The  lute  ahoold  bt 


pressed  and  rubbed  down  upuo  the  glass,  inccessively,  from  the  part  when  Ihr  icnyt 
was  firat  made  to  the  edges,  until  all  air  bubbles  are  excluded,  and  an  intioMtie  aihs- 
sion  effected.  Care  must  be  taken  to  exclude  all  air  from  between  the  glass  and  IbM^ 
and  the  edges  should  be  moistened,  made  thin,  and  joined  with  great  cara.  The  ge- 
neral thickness  msy  be  from  one  fourth  to  one  third  of  an  inch.  Tba  veasels  art  al^ 
terwards  to  he  placed  in  a  warm  situation  over  the  sand  haih,  or  in  the  son's  lan: 
they  should  dry  slowly  and  regularly.  To  prevent  cracking,  hone  dung,  eboppid  tef; 
horse  hair,  and  tow  cut  short  may  be  incorporated  with  the  lute.  The  Mdhioa  rf 
sand,  renders  the  lute  mora  fusible,  and  is  not  applicable  when  very  high  temperataw 
ara  to  he  sustained.  In  such  cases  fraffmenU  of  broken  ^lass  pots,  or  of  broken  Cfid- 
bles,  may  be  used,  being  first  well  purverized ;  but  crucibles,  soiled  by  fjoz  or  <  ' 
impurities  must  not  l>e  so  employed.  For  Tarious  kinds  of  lutes  and  cemeals, 
rections  for  their  application,  6k.,  see  Faraday's  Ckem.  Manip,  p.  467. 

t  Great  convenience  often  arises  from  prolonging  the  tube  by  means  of 
tubes  or  hoses ;  and  any  num-     _  Fig.  88. 

her  of  them  may  be  connect- 
ed    by  the   attached  scraws 
Fig.  96. 


lg,tm^-Jita~4^^Ut^ 


lOT 


Flf.89. 


F1^90. 


0afit.II* 


<^ 


receiving  the  giwes,  glass  jan  of  rarious  sises  are  required,  some  of  which  Apparatot 

be  furnished  with  necks  at  the  top,  fitted  with  ground  stoppers,  or  to  for  receir- 

a  circular  plate  of  brass  is  well  grounid.    (Fig.  91  and  92)  ing  ""^ 


rig.  01. 


rig.  98. 


ft  should  be  proTided  with  brass  caps  and  screws  for  the  Vig,  88. 

Ml  of  air  cocks.  (Fig.  9X)  Of  these  air  cocks  seTcral  will  ^=r^ 

and  to  some  of  them  bladders,  (Fig.  94,  a,)*  or  elaa*  flrf^^o^^^ltlll 

for  the  purpose  of  transferring  ■^^^,,,^-NJr' 


lea,  should  be  firmly  tied 


I  of  the  jars  should  be  graduated  into  cubical  inches,  (Fig    95,  a).    To 
thitse  jars,  when  in  use,  a  vessel  will  be  aecessary,  capable  of  holding 

ladder  may  be  made  to  continue  tight  for  a  ooosiderable  period  by  pouring  a 
I  taio  it  at  first,  and  allowing  it  to  become  saturated.  Bladders  are  not  per- 
|ht  to  gase^,  and  are  less  so  when  dry  than  when  moist ;  conseouently  gases 
KH  be  reuined  long  in  them,  and  never  longer  than  is  absolutely  necessary. 
sagas  passes  more  rapidly  through  them  than  any  other  gas. 
«ga  are  made  of  oiled  silk,  or  of  two  layers  of  woven  material,  haviog  between 
tfick  layer  of  caotttcbooc  Thoeemadeof  oiled  silk  are  seldom  tight,  and  ra- 
lersaae  in  poieeaty.    F. 


loe 


•  •  » 


.    ^4\9,Jlfp€UptUm  Qind.MmiipulaHon. 


Q^^^  H^   «  few  ffallons  of  water.    This  is  best  made  of  copper,  (Fis.  96,  &,)  if  of  cob- 
^^        uderable   size ;   or  if   small,   of  tin,  japanned   or   painted ;   //,   exhibit!  a 


Fig.  96. 


Fig.  97. 


Pneumatic 
iroogh. 


A 


« section  of  this  apparatus,  which  has  been  termed  the  pneamato-cbemical  tramh 
or  pneumatic  cistern.  Its  size  may  vary  with  that  of  the  jars  employed;  apd, 
about  one  or   two  inches  from   the   top,  it    should  have  a  shelf  on    which 

the  jars  may  be  placed  when  filled  with  air,  without  the  risk  of  beins  ( 

set.    In  this  shelt  should  be  a  few  small  holes,  to  which  inverted  funneW 
be  soldered.    Fig.  97  represents  a  very  convenient  Fig.  98. 

dradoated   ^<^"i>  of  tliis  apparatus.   A  glass  tube,  I*  ig.  98,  about   ' .,,  ^  ^  ^  ^  ,  ^  ,  ,  ^ 
tubes.  16  inches  long  and  three  fourths  of  an  inch  in  diam-     ^"  ' '  '  '  '  ^  '  '  ' 

etcr,  closed  atone  end,  and  divided  into  cubic  inches  and  tenths  of  inches  wiD  bt 
required  for  ascertain! n|^  the  purity  of  air.  It  should  be  accompanied  widi  a 
small  measure,  containing  aoout  two  cubic  inches,  and  similarly  Fl|  N. 
graduated.  Glass  tubes  about  five  inches  lon|[,  and  half  an  inch 
wide,  divided  decimally,  ore  also  necessary.  Besides  these,  the  experi- 
mentalist should  be  furnished  with  air  funnels,  (Fig.  99).  for  traimer- 
ring  gases  from  wide  to  narrow  vessels. 

337.  An  apparatus  almost  indi^>ensable  in  experiments  on  thb  clasi 
is  a  Gasometkr,  which  enables  the  chemist  to  collect  and  to  preterre  lug* 

Oasome'er  ci"'^''^*^**^^  ^^  S^t  ^itli  ^'*o  aid  of  only  a  few  pounds  of  water.    In  the  fimn  of 
'  this  apparatus  there  is  considerable  variety  ;  its  general  construction  and  i 
as  follows.  It  consists  of  an  outer  fixed  vessel  dy  (Fig.  100),  Fig.  100. 

and  an  inner  movable  one  e,  both  of  copper  or  japanncNQ 
iron.  The  latter  slides  easily  up  and  down  within  the  other, 
and  is  suspended  by  cords  passing  over  pullics,  to  which  are 
attached  the  counterpoises  s  e.  To  avoid  the  incumbrance 
of  a  great  weight  of  water,  the  outer  vessel  d  is  made  double, 
or  is  composed  of  two  cylinders,  the  inner  one  of  which  is 
closed  qt  the  top  and  at  the  bottom.  The  space  of  only 
about  half  an  inch  is  lefl  between  the  two  cylinders,  as 
shown  by  the  dotted  lines.  In  this  space  the  vessel  c  may 
moYc  freely  up  and  down.  The  interval  is  filled  with  wa- 
ter as  high  as  the  top  of  the  inner  cylinder.  The  cup,  or 
rim,  at  the  top  of  the  outer  vessel,  is  to  prevent  the  water 
from  overflowing,  when  the  vessel  c  is  forcibly  pressed 
down,  in  which  situation  it  is  placed,  whenever  gas  is  about  ft< 
to  be  collected.  The  gas  enters  from  the  vessel  in  which  it  h  produced,  by  Um 
communicating  pipe  6,  and  passes  along  the  perpendicular  pipe,  marked  by  dol> 
ted  lines  in  the  centre,  into  the  cavity  of  the  vessel  c,  which  continues  rising  til 
it  is  full. 

338.  To  transfer  the  gas  or  to  apply  it  to  any  purpose,  the  cock  h  is  fobs  iM 
and  an  empty  bladder,  or  bottle  of^  elastic  gum,  furnished  with  a  stop-cock, toll 
screwed  on,  a.  When  tlie  vessel  c  is  pressed  down  with  the  hand,  the  ftf 
passes  down  the  central  pipe,  which  it  had  befbro  ascended,  and  its  Mcaps  ilk 
being  prevented,  it  finds  its  wa]|r  up  a  pipe  which  is  fixed  to  the  outer  somes  d 
the  vessel,  and  which  is  terminated  by  the  cock  a.  By  means  of  in  rmf 
mouth-piece  screwed  upon  this  cock,  the  cas,  include<i  in  the  lustinaMti 
may  be  respired;  the  nostrils  being  closed liy  the  fingers.  When  it  isir 
quired  to  transfer  the  gas  into  glass  jars  standing  inverted  in  wnter,  n  cmk- 


Traosfcr- 
ringof 


109 


rd  iiilw  muj  be  emplnj^cd,  odc  end  of  whicb  i*  ncrcwcd  npan  tboeock  i;  while  _ 
ilic  oilier  Bpunare  u  lirought  under  tb«  inverted  funnel,  ftied  into  the  (heK  of 
thr  pneumatic  Imugli. 

i'tH.  Wtien  tnrge  quanlitiee  of  gu  am  required,  (««  «t  a  public  lecture),  the 
fw-hii]der(E''ig.  lOt)  will  be  found  extremelj  uaefut.  It  i«  made         I>||.  lOl.         Gi 
uf  copper  ill  tinned  iron-plate.  Japanned  botli  within  and  with- 
otit.     Two  diort  pipea,  s  and  t,  terniriuled  by  cockt,   procfed 
frum  it!  aide*,  an<f  another,  b,  naaaea  through  the  middle  oflhe     n 
top  4ir  coTct,  tn  which  it  ii  Hildcred,  and  reachea  within  half  an     ~ 
inch  of  the  bottom.     It  will  be  fbond  conTenicnt  alao  to  have  an 
air  rock  with  a  Tcry  wide  bore,  iiicd  to  (he  funnel  at  t.    Wbea 
gu  ii  to  be  tnnafeiTcd  into  Ihia  Teaael  iVoai  the   gaaometcr,  the 

1  i_  «_  .     ,mpi,tBl»  filled  with  watei  throneh  the  funnel, 

,K.  ._■<___.  ._v^.     n -aiB  of  a  hori7*n- 

'  the  gaaometor. 

^  ..    .,     and  c  are  men,  and  lilt  vc»«l  c  of  the 

nacunptPr   (rig   100),  gently  prGMcddownwnrda  with  the  hand. 
The  fan  then  denendi  fiom  the  guonetcr  till  the  air-lioidcr  ia 
fblt,  which  niav   bo   known   lij  the  Water  ccaring  to  cacape  through  the  cock  <- 
All  the  cock*  arc  then   to  be  ahut, 
and  the  viwieta  diaunitcd.     To  ap- 
ply   thia   gai   to  an*   uurnoae,   an 
empty  btpSdermay 
m;  and  water  being  poured  ihrna) 
the  fuDiieli,ncorrci>nandingqu~ 
tit;  ofgai  ia  forced   inln  iho  ul 
del.     By  lengthening  the  pipe   b, 
Ibe  preMureof  acolumn  of  walcr 
nay  be  added  :  and  the  gat,  licing 
fercad  through  ■  with  considerable 
Telocity,  may  be  npplied  to  the 
jMiipuaLa  of  a  hlnw-pipc,  Slc.  du:. 
The  aAnatatua  adiuila  of  a  variety 
efmodlficatioDa.    The  mcMtuaeflil 
"      "  ■     ^^l 

■Fig- 
10*-',  r)  to  ihe  top  of  the  air-holder, 
aadofaglanregiiitertube/,  wlitrh 
*     height  of  the  wate[,and 
tly  the  -         1 


Ma  appcna  to  be  that 
hpya,  conaiatinB  chiefly 
ditioD  of  a  ahnltDW     -' 


caiiaf(|iwnlly  the  quantity  of  gfa,    -       ^  i_ 

ia  the  Tcaael.  When  •  jnr  ■■  intended  to  be  filled  with  gu  from  the  leaerroir, 
II  ia  placed,  filled  with  water,  and  imerted  in  the  riatem  r.  The  rorka  1  and  2 
hemg  opmied,  the  water  deacenda  llirougii  the  pipe  attnched  to  the  lallor,  and 
Ihc  gaa  rteea  through  the  pipe  i.  By  ni<iin|[  tht;  ciHtern  a  to  a  greater  clrvatioa, 
WT  iignu  of  premure  may  be  oluined  ;  and  a  blow-pipe  raoy  bo  acrewod  on 
tiM  eoSat  the  reft  aide  of  the  veimel.* 

MO.  A  T«y  ronvenienl   apparatu*  waa  mnlrived  by  Hope,  for  roreiTing  and  a 
■oting  large  quantiliei  of  gatcii  moat  in  uae,  from  which   a  aupply  may  bo  e»ily  — 
(Rverad  ai  wanted,      ll  ronwaU  of  a   large  oil  of  Titriol   bottle  a,  or  carboy,  "^ 
irW  103.J  in  which  two  lubn  with  atopniocka  are  tilted,  n-aler  being  introduced 
■ad  ftirod  out  again  when  neceamr^'  by  one,  and  gaa  by  the  ether.  Id  tfaefiguro  i 


aaan  cuily  eipleinrd,  a 

■  H  aaimcc  of  the  waiei  anddeicendinR 
nii  lapidly  carrini  by  the  ripacending  wi 

B  thi>  mary  tt 
ral  channel  (or 


orcnmniDn  air  wilh  Ibe  water, 
When  the  e"  >i  panting  ta-  '' 
rapidly  deirending 

I  ar  the  lulie.     Down  Ihia', 

with  the  cia  Tn  Ihe  in- 

d  tn  dHnKrrDiii  reaultK. 

The  furmatiDB  ••{  Ibe 


Ml  wnad  lo  ivim  on  the  aurricc  of  the  water.  If  rolaiinn  doei  lake  plare,  it  will 
•nv  the  Boatiiig  mau  to  the  e*nlr«,  and  nrerrnl  the  air  from  pa*»ipg  noaru  by  hia- 
MafibaloTiDUioaafa  channel,  if  water  be  plcnlifblly  aHpphed,     F.  3S3. 


JlpparalMi  and  Manipulation. 

[1. 1L1  majbesuppOKil  in  coDneiion  witbttioeilreniilj  Qfa  b«nt  Vl(.l(IS. 

~^  gun  LamI  Hied  ]ii  an  iron  nitorl,  from  which  oxjgsn  ii 
painliie  To  prevent  accident  and  render  il  more  easily 
niovutiio  when  full  or  water,  il  ahould  be  placed  in  a 
lull,  tlie  *pu«e  between  the  battle  and  lidei  aa  well  u 
the  Ixitloin  are  packed  with  aaw  dust.  After  filling  it 
with  wnter,  a  hunt  lube  i*  coDQCcted  with  tlio  gun  barrel 
br  ■  fluxible  lend  or  tin  pipe  two  or  thrtfl  feet  in  lencth. 
Nn  goH  in  allowed  to  pam  in  unleu  puro,  the  Btop-cocE  at 
the  oitremtlf  of  the  gun  barrel,  b,  being  kept  shut,  while 
the  udici  one  t,  is  open.  Tlie  gni  Gnt  puaing  over  can  be  collectad  bjr  ■IMi 
of  n  bent  lube  d  filled  to  il,  in  a  Binan  jai  over  wsiar.ao  ihilitopnriljr  caati 
teat«d.  When  it  la  ihnaght  proper  to  commence  cottecting  It,  tba  MOlMockck 
to  he  «hut  and  the  other  i  opened.  Aa  the  gu  enlen,  the  water  will  ha  Ibnid 
up  the  lube  neon  in  the  inlvrior  of  the  bottle  conlinuuiu  with  the  atop-cock  a  (t 
taehed  lu  the  cap  of  Ihe  carboy ;  and  another  bent  tube  being  placed  orer  it  a 
lypiion  wilt  be  lormed,  tliruugh  which  the  water  will  continue  to  flow  aa  tka 
gaa  i-ntem.  By  u«ing  a  large  quantity  of  materiala  at  a  lime,  nerenl  bottlai  n^ 
Ec  filled  aucceB^ivuly  wilbout  undoing  any  part  of  the  apparatua,  except  IM 
leaden  pipe  that  conncclg  Ihcm  directly  with  the  gun  harrel ;  one  battle  ma;  b* 
delariiod  and  another  attached  in  a  few  aGconde.  If  watitcd,  jara  of  gaa  may  bt 
collected  from  llin  lube  d  in  Iho  pneumatic  trough. 

ifjf.         To  trnnaler  a  gni  from  lliia  apparatus,  detach  Uie  aynhon,  placs  a  1»  IH 

rom.    lin  funnel  I,   (Fig.  101,)  above  llioatop-cocka,  pour  in  V    '  "  '     "        ' 

open  the  atcip-cork*;  it  willdeiccnd  and  forT:elbe  gnsoulal 
cock  g,  to  which  a  fiexible  pipe  may  be  allachud.    In  tlie 
manner  the  air  is  exTielled  and  tiie  carboy  filled  with  water  1 
connecting  il  with  itie  rclon  rurniahing  the  gaa. 

341.  The  gasoniPlera  already  dcBcrihed,  are  filled  only  fbi  the 
reccplioQ  iif  gaaea  thai  are  con  finable  by  waterj  bccauao  quick- 
rllver  would  act  on  the  tinning  and  mtdei  of  the  veaaL'li  ;  and 
would  not  only  be  apoiled  ilaelf,  but  would  destroy  the  apjiAatua.  yMaB* 
atrumont  of  Ihia  kind,  in  which  mercury  can  be  employed,  la  peculiarly  JiiM» 
ble,  on  account  of  th»  great  weight  of  thai  fluid  ;  and  two  varicliei  orUia  ■a^ 
curial  gBaomcler  have  uierefbre  been  invonled.  In  that  invented  by  Pepji,  At 
cistern  for  the  inereury  ia  of  caul  iron.  Newmann  baa  joined  a  naomalBr^llB 
kind  to  an  improved  mercurial  trough,  by  means  of  which  the  advaolan  ofbaA 
are  obtained  with  only  GU  or  70  pounda  of  quickiilier.*  Fig.  lOS. 


>  in  IcDElh  and  h 


*  It  is  nol  moTF  Ihan  La  inchi 
panned  irav  to  collect  aeslIFred 

When  gas  is  lu  be  collected 
gaaotnetcr,  the  beak  of  the   r 
placed  beloo  the  iBrface  of  ihe 
ry,  in  Ihe  cup  ai  the  bottom  of  ihe  ap. 
[wntus.  and  liavint  a  bell  thaped  les' 
sel  imn»r>e<l  in  the  mercurr  immc. 
dialelf  over  11.      The  Imugh   has  ■ 
caiily  in  the  middle,  large  enoogh  '" 
fill  a  jar  ID  inchn  lea;,  and  at  wid 
and  there  is  a  ahcif  no  each  side, 
inches  in  width,  luiupportreneli 
laininR  gas.    Opposite  to  three  i 

lbt»  holes  in  one  of  the  shelvei 
which  Ihv  tirska  of  rtlnns  I. 
ting  gai  are  lo  be  intivdaeed ;  or  a  sli- 
ding shelf  viih  aperlurei  may  be  fit- 
ted across  the  canty  for  the  lama  per- 
DDic.  The  casnincler  is  st  one  end, 
a,  and  sunk  twiiiw  ihe  IcTel  of  the 
tma^h.  .Il  is  capable  of  coniaioing  SO 

the  gasometer  at  Ihe  lower  pan  is  r- 
mode  lo  ascind.  and  passiDg  up  \. 
through  Ihe  mercnry  * 


md  it  ia  placed  ia  « lug*  JY 
Fl(.  ICO. 


through  Ihe  mercnry  in  a  entner  of  ilie  iroue  li.  at  alioui  anincli  abase  il  bcMla  JpB 
ai^n  and  tciminales  beoealh  its  surface,    u  the  gu  is  conlsined  in  tha  gnassnaur,! 


in 


rbcmalcriali  fi'om  whirfa  wime  piei  tra  to  b«  ohiuticd,  require  the  aid 
b  lempenlure  and  a  auilBljlg  fumace.  Vsrioua  kinda  of  rarnaceB  aro 
by  IM  chemisl,  of  which  figur«<  and  daaeriplioiii  will  be  eecn  in  Fan- 
itmifl  Manipulation.' 

tanj  proceiiH  ■  very  convenienl  turotet  maj  be  formed  oul  of  ihe  larn  p 
I  known  ai  UwjxiU,  and  muy  be  had  of  almoat  ever}'  aize  leu  than   the 
r  22  inches,  and  of  12  to  H  inches  diameter  al  Ibe  top.     One  of  IbeM 
of  the  lirighl  of  JZ  incliei,  and  7  inches  wide  at  the  lop,  will  maka  a 
iful  furnace  for  ibe  igniting  of  a  idibII  crurible,  healing  a  lube,  or  mnall 
Fig.  107.    A  number  of  holea  are  pierced  in  it,  bj  a  gim-    fi|.  iot. 
Uftwl,  and  enlarged  bj  a  round  lani.    The  pot  ii  now  bound   ^.^-^.y^ 
ilh  iron  or  copper  wire,  Co  alrengtnen  and   hold  it  logether  i&~^--ip 
eracka,  an  effect  which  ia  eure  to  take  place  alter  it  haa  been  1^~^'  '.' 
Be*  healed.  This  wire  ahould  be  carried  round  in  three  differ-    ¥^Ti/ 
■a,  and  aecured  br  notchea  made  in  the  pot  with  the  edge  of    \=r-^1 
ad  ihe  enda  should  then  be  twined  together.    It  ia  aUo  con-     Hj 
to  hare  a  handle  (o  these  funiaces. 

Table  gnle  like  that  figured  in  the  wood  cut,  makes  thit  fumace  com- 
r  manj  operaliona.  Fig.  106.  If  it  be  required  to  heat  a  crucible,  the 
Mild  b»  of^such  a  nxe  as  to  drop  into  the  fumace,  and  real  between  the 
md  the  second  row  of  holes.  The  part  below  then  Ibrms  the  ri(.  lot. 
abe  supplied  with  sir  by  the  four  holes;  and  Ihe  part  above       ^ — 

•  body  of  Ihe  furniLco  to  receive  the  fire  and  Ihe  crurible.    If    ,^|||ln>, 

•  fire  only  is  wanl^d,  as  in  the  proc««  of  dislillelion  or  the  ((f  ll||) 
of  tubes,  Iha  gnilc  should  be   of  such  aixa  as,  when  dropped     vjlly 

tTusTerrad  to  air-Jsrs  in  ihe  trough,  \ij  fiUing  ihcm  with  meicury,  ^ ti  iiM. 
iMbi  over  the  end  of  Iho  Iwnt  luh*.  aod  giring  pres bure  io  the  eSHim- 
Im  air  will  pas*  from  it  slong  ihe  lube  into  tbe  jar.     By  Ihe  lend  in 
V  tbe  mercurj  is  preienled   from  pouiing  inlo  Ihe  lover  pact  of  the 
■r,  while  at  the  • —  '' "^ :-  -i>- — j  _  r-.   _..  ._ 


ie  the  ns  IS  allowed  f  free   paisage. 
esns  of  a  slop-cuck,  which   shuts  o([ 
ough,  ]ireT(nting  al  the  m 


aaeape  or  sir  from  the  gaaometer,  and  of  merriiry  inlo  i'i.     A  sliding 
■led  beneath  Ihe  trough  la  support  b  spJHi-lsmp  nnder  a  retort,  or 
ta\t  b,t.\n^  I0«)  and   ipnng  are  also  sl- 
id Krowi,  and  oiay  be  fixed  oa  anj  side  of 
''     n,  excepting  somelimrs  the  ptllBrs 


r  mpoaes.  A  deloDSiinf  tul>e 
tbaapparaius  by  sclampsnd  » 
k.  The  whole  appsreiu.  is  of 
whici 


be  of  brata. 


irfon 


DTk  which  If 


Mte.  "niep 


uldb< 

fnaad  powerful  and  conttnienl,  was  ona- 
le  Royal  liisiiiuiion*of  ihe  form  and  Kciion  rfpmrnlid  in  Iha 
irms  and  aira  Ihe  laboratory,  hrsis  wsler.  tuhn.  gas  hollies,  a 
icipal  part  is  ofLrkk  work,  tbs  lop  plate  A  B,  land  balh,  plate 
'     -'' soapstMH.  The  flue  IS  carried  horiiontally 


aiDd  bath,  and  a  warm  chamber  is  left  banealh,  which  is  closed  by  deora, 
:racihle*  at  other  veaaf  I>  msy  he  kept  warm,  ready  (oi  inlrodaction  inlo  itae 
■d  alow  erapocalinni  be  carried  on.  The  ciccultfr  opening  in  rront,  orer 
■Bher,  is  adapted  to  rtceiTa  various  Teasels,  by  means  of  coaecntiic  iron 
ranoaa  diameteii,  on  a  cast  iron  pot. 
■a  ef  this  kind  kan  for  urn 
Md«s,ai<dlBlbu<irtbsM«lksI  C 


kl  CoUuiln  Bonon 
H  Psndar,  r  M. 


112  ^pparatui  aitd  MatiipvlaHon. 

ClBp.II.    ■Ola  thoruRucc,  to  deiKCDd  onl]^  ■  little  below  iha  £nl  tier  of  holea,  tha  ub-(il 

haviag  two  tier*  of  liuleH  oDtering  it.    Half  a  doz^D  of  Iheae  iduU  gralci  <nU 

b«  required  in  the  InborBlory,  fbr  the  purpose  of  Biting  nl  diSereot  tiinc*  ilia 
difliirent  partii  (rf'  tJie  aaliie  luiiiace,  and  alio  for  use  in  diaerant  lizad  fiiniMM  at 
the  bind  now  de«nhed, 

Wlien  WD  wish  to  Jiininjiih  the  intciuit;  nf  iha  fire,  the  holei  or  a  poctioa  «f 
them  may  be  closed  with  sod  brick  or  ciuf  Htoppon.  Od  the  conlnij, 
when  it  is  desirable  to  increiue  the  tempera' —     ~  ''  " ■""-      ~     "* 


body  of  fiiol,  udJilioas  are  made  at  the  tup  of  the  furnace.  A  varf 
Dseiul  one  cUDKiati  of  the  upper  put  of  an  old  cnicibte  cut  off  ■»  u 
to  Ibrm  a  ring,  (Fig.  109,)  wliicb  should  be  bound  round  nilb  wirs. 


regard  to  the  furnace. 
A  inoal  uneful  acnunpaninient  lo  theite  unall  portable  tumacet,  is 
•  piece  of  atroigbt  funnul  pipe,  about  two  feel  lonf[,  four  inches  in 
width,  and  opening  out  below  until  it  is  about  night  inches  in  diame- 
ter. Fig.  IIU.  TJiia  will  easily  real  upon  any  furnace  not  more  than 
eight  inches  nor  less  tliao  four  or  five  iochea  wide  ;  is  quickly  put 
on  or  olTj  stands  steadily  of  ilself,  and  increaiies  the  dtaugbl  power- 
fully.  A  wooden  handle  may  bo  attachcil  to  it  tur  cooveoieiKe ;  or 
witfinul  it,  the  longs  will  Hcrvn  to  remove  il.  It  majr  either  be  taken 
off  when  the  firo  reouircs  to  be  made  up,  or  thepiocea  of  charcoal 
may  bo  dropped  in  fram  nliove.  Tliura  is  no  dii&uity  in  raising  ■  4__3 
crucible  two  inehes  and  a  half  in  diameter  lo  a  whits  neat,  by  anmiBea  oflkii 
kind,  and  thai  in  any  sitiintion  which  may  he  cODvanicnt,  upon  the  tablsa  cr  lb* 
floor,  and  with  all  lliu  advojilago  of  omngiog  or  discnoun  ting  the.  appmlua  wiA 

.  ,  343.  A  uselul  apparatUB./or  JuiiBiUtajfa«s(0  fi.  tii 

Muiimtl-  '*""'""' •'/*'"<r<«''y>'i*hown  in  Fig.  1  Hi  where 
linvnui  a  reprpsenls  the  knob  of  [be  prime  conductor  of 
KS-  ■»  J."""!  mUn,;  I,  .L,Jd„  j.,,  ,h.  b.ll  .f 
city.  which  ia  in  contact  with  it,  as  when  in  the  act    of 

Tbarging;   aud    c,  the    lube  standing  inverted  in 

mercury,  and  partly  filled  with  gas.     The   mercu. 

ly  is  contained  in  a  strung  wooden  boi  d,  to  which 

is  screwed  lbs  upright  iron  pillar  s,  with  a  sliding 

collar  for  securing  the  lube  <  in  a  perpendicular 

position.    When  the  jai  b,  is  charged  lo  a  cerlaJD 

inlsnsil]',  il  dischargRa  itaolf  between  the  knob  « 

and  the  small   balli,   whinh,  with  the  wire  con-    ^^.____^_^_^^_^__, 

neclcd  with  il,  may  bo  oci-usinnalty  fltled  on  the  lop  ofihe  tuba  *.    The  attsu^ 

of  the  shocks  ii>  regulated  by  ihe  distance  between  a  snd  i. 

By  the  same  njiparalus,  or  the  tube,  Fig.  106,  inflaaimniilo  niiituies   of  run 

may  be  exploded  by  cleclricily. 
Qoontilyof     *"■  "^''^   proportion  of  gus  which   majr  be  datonolcd  with  nafety  in  t  fJ— 

Ss  lo  1*       l^he,  depends  comudcrablv  upon  the  explosive  power  nf  the  (partirithr  mu 
looated.    under  eiaminaUon,and  also  upon  tlie  quantity  detoBBtcd  at  (.nee.      \  mistu 

oxygen  with  carbonic  oiide  expands,  when  inflamed,  with  much  IfM  (iina 

a  miiture  of  oxygon  with  hydrogen  or  olefiant  gas  ;  and  a  largo  qnantitr  wBt' 

course  expand  wilh  more  (brce  than   >  smaller,     tlui  braid<»  conndeiial  •• 

efficiency  of  the  lubs  in  resisting  the  expansive  forrp,  o^cnsioncd  by  detoMdM 

the  expenm^nter  ham  also  so  to  proportion  the   ouaBlity  of  ga»,  that   wWlal 

pending  there  shall  be  abundant  space  m  the  tube  ti>  n-laiu  the  pnxluc'.ls  O 

their  greatest  volume  and  agfitation,  that  uo  loss  may  uroir.     No  more  ■•»  lln 

be  introduced  into  a  lube  lot  dEtonalion  than  will  o<  ciipy  a  sixth  of  iMcar* 

at   common    tcmpeialurcs,    and,  gcnerBlly,  it  will   bu    nufer  and    adtlaW* 

employ  much  less.     F.  433. 

Melhods  of     345.  Preyiously  lo  undertaking  eiperiments  on  lh<'  gstis,  it  mnv  he  wsJI  i 

ttknifeniDf  an  unpraetiwd  expetinientalisi  lo   accustom  himself  fi  lb«  deilarous  nuaU» 

pees.  ment  ot  gases,  by  transferring  common  air  from  one   vessel  to  aoolbet  ofW 

I .  When  a  glass  jar,  closed  at  one  end,  is  filled  wilh  water,  and  held  f0^ 


*  Fanulaj :  who  remarks  thai  all  ths  igutinga  snd  hestinn  vtueh  below  »  tg 
•BBlnis  of  silieeous  ami  other  mineials,  bsvs  long  ieeu  mads  in  fannea  «f# 
kJDd  at  the  Roya]  InstiiaiioD. 
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lownwardii,  in  howeTer  mnall  a  quantity  of  water,  the  fluid  is  rotained     Sect.  IL  * 

arc  bf  tho  prmnure  of  the  atmosphere  on  the  surface  of  the  exterior  ' ^ 

Fill  ID  thin  manner,  and  invert,  on  tiie  shelf  of  tho  pneumatic  trough, 
tho  jarA,  which  ii  furnished  with  a  stopper  (Fig.  91,)  The  water  will 
in  thu  jar  so  lung  as  the  stopper  is  closea ;  but  immediately  on  removing 
iratcr  will  descend  to  the  same  level  within  as  without ;  for  it  is  now 
equally  upwards  and  downwards,  by  the  atmosphere,  and  falls  therefore 
quence  of  its  own  gravity. 

ire  the  jar,  filled  with  water  and  inverted,  over  one  of  the  funnels  of  ru-eci"  na 
r  of  the  pneumatic  trough.    Then  take  aaother  jar,  filled  (as  it  will  be  f  ^JlJSice 
e)  with  atmospherical  air.    Place  the  latter  with  ita  mouth  on  the  sur-  ^^'^ 
be  watpr ;  and  on  pressing  it  in  the  same  position  below  the  surface,  the 
I  air  will  remain  in  its  situation.     Bring  Uie  moutli  of  the  jar  beneath  tlie 
in  thn  shelf,  and  incline  it  gradually.    The  air  will  now  rise  in  bub- 
ough  the  funnel,  into  the  upper  jar,  and  will  expel  the  water  from  it  into 

t  one  of  the  jars,  provided  with  a  stop.cock  at  the  top,  he  placed  full  of 

lie  she  If  of  the  trough,    i^rew  u[ion  it  an   empty  bladder;  open  the 

lication  between  tho  jiir  and  the  bladder,  and  press  the  former  into  the 

Pig.  94.)  The  air  will  then  pass  into  the  bladder,  till  it  is  filled;  and 

e  bladder  is  removi'd  from  tho  jar,  and  a  pipe  screwed  upon  it,  tho  air 

again  transferrod  into  a  jar  inverted  in  water. 

r  the  pur{K>so  of  transferrmg  gases  from  a  wide  vessel  standing  over  wa- 

a  small  tube  filled  with  and  inverted  in  mercury,  the  following  contriv-  Caven- 

Cavendish  may  be  used.     A  tube,  eight  or  ten  inchns  long,  and  of  very  ^''^'V. 

tmoter,  is  drawn  out  to  a  fine  bore,  and  bent  at  ono  end,  so  as  to  resem-  °>c(hod. 

italic  Icttor  /.  The  point  is  then  iminers<>d  in  quicksilver,  which  is 
ito  the  tulni  till  it  is  filled,  by  the  artitm  of  the  mouth.     Placing  tho  finger 

aperture  at  the  straight  end,  the  tube  is  next  conveyed  through  thu  wa- 

toe  bent  ond  iinpcrtnoHt,  into  an  inverted  jar  of  gas.  When  the  finger 
•4«  the  quicksilvitr  falls  frtim  the  tube  into  the  trough,  or  into  a  cup 
>  receive  it,  and  the  tube  is  filled  with  the  gas.  The  whole  of  thequick- 
»wever,  luuitt  not  be  allowed  to  escape  ;  liut  a  column  must  be  lefl,  three 
xhes  long,  and  must  be  kept  in  its  place  by  the  finger.  Remove  the 
a  the  water ;  let  an  assistant  dry  it  with  bloUing  paper ;  and  intro<liice 

of  the  bout  end  into  the  aperture  of  tho  tube  »ttaiiuing  ovit  quicksilver. 
drawing  the  finder  from  that  aperture  which  is  now  upiK'rmoat,  the 
of  the  column  of  quicksilver,  added  to  the  weight  of  the  atinospliere, 
B  the  gas  from  the  bent  tube  into  the  one  standing  in  the  mercurial 

*or  the  transference  of  nmall  quantities  of  gas  from  ono  vessel  to  another,  p        ,  . 
iment  contrived  by  Pepys  is  convenient.     It  is  made  of  a  piece  of  glass  ' 'P^'s  in- 
ait  half  an  inch  in  diameter  and  five  inches  long,  attached  fig.  in.    f„r7r!mV 

s  of  smaller  diameter,  which,  aflcr  lieiidinp;  as  in  F'lj^.  112,  q    ference.  ' 

Bt  in  a  chamber  at  a,  which  being  cylindrical  for  tho 
vt  of  its  length,  terminates  in  a  capillary  tube  and  aper- 

•mall  piston,  rendered  air-tight  by  tow  and  tallow,  is 
0  the  cylindrical  tube  ;  it  is  moved  iW  a  rod  and  ring,  the 
ng  through  a  box  which  closes  the  upper  aperture  of^  the 
Dt,  bat  which  should  not  be  air-tight.  A  portion  of  mer- 
placed  aliove  the  piston,  the  space  between  it  and  the 
opening  of  the  chamber,  is  filltMl  with  the  same  metal 
B  piston  is  in  the  position  depicted.  Upon  raising  the  piston,  the  mer- 
nn  it,  and  descenas  into  the  chamber  a,  tho  space  left  hv  it  being  im- 
f  filled  with  the  air  or  pw  which  has  access  to  the  capiflary  opening. 

ban  a  graduation  upon  it,  by  which  it  is  known  when  a  tenth  of  a 
Kh  of  air  has  entertMl  the  chamber.     F.  340. 

1m  manipulation  with  jars  and  glasses  is  comparatively  easy  to  that 
ociirs  in  transference  from  them  to  tubes,  or  from  tubes  to  each  other.  Manipula- 
«n»tance  with  tubes  which  occasions  difficulty,  in  addition  to  tho  nar-  *'^n  ^^^^ 
a€  their  mouths,  is,  their  contracted  capacity  within,  by  which  the  easy  t"-^** 

tectinq:  and  transferring  gaves  over  quicksilver,  especially  where  the  quick' 
impure  or  dirty,  the  gas  will  escape  on  the  outside  of  the  jar,  there  being  so 
raion  l)etwe**n  the  quicksilver  and  the  glasn ;  this,  I  have  found,  may  bt 
guarded  against  by  slightly  smearing  the  edge  of  the  jar  with  pomatum.  W. 

15  ' 


u 


114  Apparatus  and  Manipulation. 


Chap.  IL 


pasaagc  of  a  bubble  of  ena  upwards,  and  \vatc:r  downwards,  »t  the  same  time,  ii 
interfered  witli ;  tiiis  dh'ct  lii  greatcflt  in  tubes  of  the  smullest  diamelurv.    No 
^cat  ditficulty  will  ocrur  in  the  truiuiference   of  ^as 
irom  a  tube  to  anotlirr  that  is  wider.  (Fig.  1 13.)  The 
second  tube  is  to  be  filled  in  the  usual  manner  with 
water,  and  held  in  the  well  of  the  tn>ugii,  in  a  con.si- 
derably  inclined  position  :  the  tul>c  containing  the  gas 
is  to  be  brought  near  it,   the  upper  edge  of  itH  mouth 
inserted  as  it  were  into  the  mouth  of  the  firnt,  and  then 
its  position  slowly  altered,  until  the  gas  passing  to- 
wards the  moutir  be  gnulually  delivered  in  distinct 
bubbles  into  the  first  tube.     During  this  transfer,  the  mouth  of  the  second  tube 
should  be  retained  as  much  as  )K)ssible  within  the  first ;  the  latter  should  noCbe 
raised  to  a  {MTpendiciilar  (M)sition,  but  be  considerably  inclined,  for  then  tbt 
edges  of  its  mouth  meet  better  with,  and  are  adapted  to,  those  of  the  second  tube, 
so  as  to  confine  the  gas,  and  the  motion  of  the  bubbles  is  le!*H  sudden  and  Ini 
subiert  to  derangement.     Occasionally-  it  is  advantageously  placed  iu  almost  a 
horizontal  position,  its  closed  extriiuuty  being  but  little  raisi^.     One  bubble  of 
gas  should  be  allowed  to  rise  to  some  height  in  the  tube  before  another  is  permit 
ted  to  follow. 
Transfer-         318.  VV'hen  the  delivering  tube  is  larger  than  the  receiving  tube,  more  care  ii 
ring  from     required  in  the  transfer.     The  first  tube  should  Ix;  inclined  as  before,  and  ibi 
large  to        upper  edge  of  the  mouth  of  the  second  planed  within  it,  and  to  ansist  in  unitinff 
•mall  tubes,  as  it  were  the  two  tubes  for  the  moment,  the  finger  and  thumb  of  the  left  band 
(which  holds  the  receiving  tube)  should  be  applied  at  the  sides  of  the  junction,  ■ 
as  to  confine  thi^  gas  and  prevent  its  escajie  laterally.     For  this  purpose,  and  ge- 
nerally in  tube  transference,  the  tube  is  best  held  in  the  hand,  with  its  open  es> 
tremity  ]»assintr  out  between  the  thumb  and  fi)re  finger,  so  that  when  Mistnined 
in  the  water  in  an  inclined  position  the  b<ick  of  the  hand  may  be  upwards,  ibe 
hand  being  as  it  were  over  the  vessel ;  the  tube  is  then  easily  supported  bv  tbe 
two  or  three  last  fingiTS  of  the  hand,  and  the  fiire  finger  and  thumb  are  feft  it 
liberty  to  guide  the  mouths  of  the  vctsKels  or  to  clo84'  the  lateral  opening,  as  ba 
been  just  described.     At  other  times  it  may  be  held  as  a  pen  is  retained  ia  tbe 
hand,  the  mouth  being  confined  and  guided  between  the  thumb  and  two  fan 
fingers.     The  tubes  should  at  all  times  be  retained  by  a  light  and  easy«  tboogb 
secure  hold,  and  not  in  a  stifi*  rigid  manner,  and  the  arms  may  of\en  be  allowed 
to  rest  with  advantage  on  the  edge  of  the  trough,  whilst  the  hands  are  immersed 
in  the  water. 
From  jars.       ^'^''^'  ^"  intermediate  lipped  glass  should  be  used  fi)r  the  transference  of  0M 
from  a  large  jar  to  a  tube.     The  tube  being  filled  with  water  is  to  be  held  undtf 
the  surface  as  before  described  (3-17) ;  the  up  is  to  be  introduced  into  it,  the  jnoe- 
tioii  made  hv  the  fingers  if  necessary,  as  in  the  former  ease,  and  the  gas  idluwrd 
to  pass  in  dfstinct  bubbles.     It  will  l>e  found  easier  to  transfer  from  a  glass  tbn 
is  from  a  third  to  five-sixths  full  of  gas,  than  from  one  containing  more  or  Itm. 
When  a  glass  is  nearly  empty,  it  is  ofleii  exceedingly  difficult  to  transfer  from  it 
into  a  narrow  tube.     Advantage  may  therefore  otrcasionally  be  token  of  tbe  ci^ 
oumstance  above  mentioned,  to  replenish  the  glass  with  gas. 
RemoTing        3^0.  Tubes  containing  gases  are  easily  transferred  from  one  trough  to  andbeii 
tubes  coo-    or  to  other  situations,  merely  by  closing  their  mouths  with  the  finger  oi  tbuoi^ 
taining  gas.  and  carrying  them  to  the  re<iuired  situation.     The  student  should  very  early  si- 
tain  the 'habit  of  closing  the  inoutli  of  a  tube  bv  the  finger  with  facility  andstct- 
rity.    The  accurate  manipulation  of  g:is  in  tuWs,  so  that  none  shall  escape  isJ 
be  lost,  is  ofien  essential  in  experiments  of  research,  where  only  small  portioaf 
of  gas  are  evolved  for  examination  as  to  many  of  its  properties.     F.  326, 


Section  III.     Methods  of  estimating  Specific  Gracilies. 

Specific  ^\-  Water  has  Ytetm  fixed  ujion  as  the  standard  of  comparison  in  cstiaiatfl 

specific  gravities;  and  its  specihc  gravitv  has  been  calleil  1. 

3.')2.  In  all  experiments  for  ascertainmg  the  speeific  gnivities  of  differeal^ 
stances,  particularly  of  gases,  great  attention  must  1h>  paid  to  the  reinpenturif  * 
their  volume  varies  with  the  (K'greo  of  heat  to  which  they  arc  exposed. 


gravities. 
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Ii.')3.  To  fim!  the  spocific  gravity  of  n  solid  body  heavier  tliun  water, — First,    gect-  III. 
weigh  the  Holiil  in  air  ;  then  weigh  it  in  water  by  a  hy-  Fig.  114'  Z      7Z 

dntstnti'*  hahinre  in  the  luaiincr  repretf<>ntod  in  Fig    114,  Jk  opecmc 

using  a  very  tine  thread,  or  a  hair  to  suHjiend  it  from  the  Xl  solids 

iKjttoni   of    one  of  the  scales.     The    ditferenco   in  the  "^  ' 

rrsuhs  will  expresii  the  weight  of  a  quantity  of  water 
equal  in  hulk  to  the  solid  wliose  spccihe  gravity  is  to  he 
dotennined,  and  the  following  proportion  will  give  its 
*p<^'ifr:  gravity  in  relation  to  water  :  As  tho  weight  of 
tue  water  equal  in  bulk  to  that  of  the  solid  is  to  the 
weight  of  the  solid  itself,  so  is  the  specitir  gravity  of  wa- 
ter to  the  specific  gravity  of  the  solid.     Thus, 

If  the  solid  weigh  100  grains  in  air,  and  GO  grains  in  wa- 
ter, then  100-()0,  or  40  :  100  : :  I  :  25.  The  specific 
gravity  of  the  solid  is  therefor(>  2.5  compared  with  that  of  water. 

354.  If  tho  sfilid  should  l>e  lighter  than  water,  a  more  compli<*ated  process  will  Of  light 
be  ncrewtarv.  Attach  to  the  light  solid  hv  a  slender  thread  another  body  of  such  bodies, 
a  weight  tiiat  when  tied  togetiier  they  shall  sink  in  water,  having  previously 
weighHed  the  heavier  solid  in  water,  and  each  in  air;  then  weij^h  them  together 
in  water,  and  from  the  ditference  b<>tween  their  weight  in  water  and  their  weight 
in  sir,  Mibtract  the  dit)eren<'e  birtween  tho  w«>iglit  of  the  lieavv  solid  in  air  and 
it*  weight  in  water;  the  remainder  will  show  tlic  weight  of  a'quantity  of  water 
equal  in  bulk  to  the  light  boily,  and  we  ctui  then  find  its  specihc  gravity  in  tho 
way  dirort«Hl  above.    Thus, 

If  the  weight  in  air  of  the  light  solid  be  10  and  of  the  heavy  solid  20 ;  and  if  the 
weight  of  the  heavy  solid  in  water  bo  18,  and  of  the  two  togctlier  7, — then 

From  their  weight  in  air,        .  .         .        20  -f- 10  =  30 

Suh  tract  their  weight  in  water,      ...  7 

23 
And  from  this  sub  tract  20— 18=  2         .        .  2 

The  remainder  21 

eipresses  the  weight  of  a  quantity  of  water  eciual  in  hulk  to  tlu!  light  solid,  and 
tlie  following  projxtrtion  will  give  us  its  sperihr  gravitv, 

21  :  10  :  :  1.  :  0.47()n),— the  sjicnfir  gravity  of  the  lighter  solid. 
X>5.  \Vhen*  a  hydn>statie  balance  cannot  i>e  nnx'ured,  the  following  method 
m.iv  be  adopted  :    Weigh  the  solid  and  put   it  into  a  vessel  full  of  water,  the  Another 
weight  of  which  with  the  water  is  known  ;  tho  solid  will  di?:plare  a  quantity  of  method, 
water  equal  in  bulk  to  its  own ;  weigh  the  vessi'l  a^ain,  having  either  taken  out 
the  solia  body,  or  put  an  e<{ual  weight  in  the  opposite  scale ; — the  ditTerence  l>c- 
iween  the  piesent  weight  of  tho  vessel  and  its  fonner  weii^ht  will  express  the 
w*  ight  of  a  quantity  of  water  equal  in  bulk  to  the  solid  bo<lv,  from  wliich,  by 
tf»e  same  proportion  as  in  tlu'  fonner  instances,  we  ran  rstimate  t)ie  specific  gravity 
of  the  volid  hodv.     Thus,  if  the  vessel  when  full  of  water  wcigtied  1000,  anil 
iftrr  tome  of  tlie  water  had  been  displaced  by  the  solid  bodj  and  the  solid  re- 
BKrred,  or  a  counterpoise  placed  in  tlm  opposite  scale,  it  weighed  IKK)  grains, — 
1M  grain*  of  water  were  displaced  by  the  solid  body — and  if  the  solid  body  in  air 
weighed  300  grains,  then  the  following  proportion  will  give  its  specific  gravity  : 

100  :300::  1  :3. 
•V<>.  If  the   solid  iKxiy  be  soluble  in  water,  some  other  fluid,  as  oil,  alcohol, 
cth^,  or  a  saturated  solution  of  the  substance  itself  must  l>e  used,  its  specific  gra-  nftotable 
'it*  being  previously  ascertained.     We  must  first  find  the  s|>ecific  gravitv  oftho  |>odie«, 
"4'id,  coDdidering  tl'ie  fluid  us<'d  as  a  standard  of  comparison,  and  making  the 
Bunbcr  repres4'nting  its  specific  gravity  tho  third  term  in  the  proportion,  in  the 
*UD«  manner  as  when   water  is  used  ;  and  then,  by  simnle  proportion,  reduce 
^i-Bnjduel  to  the  standard  of  water.     Thus,  if  the's|M^cinc  gravity  of  the  fluid 
>^bi>  1.2,  and,  considering  it  as  a  standard  of  romiNirison,  the  specific  gra\ity 
^thf  solid  he  I  6,  then  the  following  proportion  will  give  us  its  real  sprnfic 
pMitv : 

1.2:  1.8:  :  1.:  1.5. 
K7.  When  the  substance,  the  siM*cific  gravity  of  which  is  to  lie  asceitained,  is  Of  pow- 
•  th^  form  of  a  powder,  the  following  metrio<l,  recommended  by  Lc>sliei  will  dcrs, 
^^Mjndmost  convenient.     (Fig.  115.)     Take  a  glass  tube  6 /,  three  Ibet  in 
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Chap.  II.  length,  and  open  at  both  ends.  The  wide  part  6  c  is  to  bo  about  Fl|-  'I* 
i^(j  of  an  inch  in  diameter,  and  the  narrow  part  c/ about  ■f(jf  com-  flCD 
niuiiicating  with  each  other  by  a  very  small  aperture  at  c,  which  j^p 
allows  air  to  paiw,  Imt  is  suflicjcntiy  small  to  prevent  any  powder 
from  going  through.  The  upper  opening  at  b  is  to  bo  ground,  so  that 
it  can  be  accurately  closed  by  a  ^lass  plate  a.  The  substance  whose  ^^ 
specific  gravity  is  to  bu  dctermmed,  is  put  into  the  wide  part  of  the 
tube  b  c,  which  is  then  to  be  placed  in  a  wider  tube  containing  mer- 
cury g^  making  it  descend  till  the  fluid  metal  shall  have  reached  th« 
aperture  at  c.  Then  fix  the  cover,  making  it  air-tight  with  a  very  ^ 
small  quantity  of  lard,  and  lifl  it  perpendicularly  out  of  the  mercury,  ^ 
till  the  api^rturu  at  e  shall  have  been  raised  above  the  surface  of  the 
mercury  m  the  tube  to  a  height  exactly  equal  to  half  the  height  of  the 
barometer  at  the  time  the  experiment  is  made,  and  mark  the  |Niint  at  ^ 
whicii  the  smaller  tube  is  cut  by  the  fluid,  which  we  shall  suppose  in  the  prewni 
instance  to  be  d.  The  air  within  that  part  of  the  tube  in  which  the  powder  hu 
been  placed  beins  now  subjected  to  the  prciwure  of  only  half  an  atmosphere,  it 
expands  to  double  its  former  volume,  one  half  still  remaining  within  b  e,  while 
the  rest  occupies  c  d,  the  space  it  includes  representing  therefore  the  total  bulk  of 
air  included  at  flrst  along  with  the  powder  in  6  c  at  the  ordinary  prcaaure.  The 
powder  is  now  withdrawn,  and  the  process  repeated  with  b  e  lull  of  air  only, 
when  it  is  obvious  that  the  mercury  will  not  stand  so  high  within  the  tube  cfm 
before,  and  supposing  it  to  ris*"!  only  to  «,  theji  the  space  e  e  will  contain  a  quan- 
tity of  oxpandeu  air,  equal  in  bulk  exactly  to  what  would  be  contained  in  ft  cbt* 
fore  lining  up  the  tube.  Since  c  e  then  represents  a  space  exactly  equal  tn  thtf 
within  b  r,  and  cd  a  spare  equal  to  the  volume  of  air  in  6  c  when  tne  powder  wai 
in  it,  then  de,  the  diticrence  between  them,  shows  the  spate  occupied  by  tbi 
powder  when  it  was  in  b  c.  in  this  manner,  then,  we  are  enabled  to  find  oat  a 
8par;e  exactiv  e4}ual  in  bulk  to  that  of  the  solid  matter  in  the  powder,  and  if  the 
stem  l>e  graduated  so  as  to  express  in  grains  the  quantity  of  water  which  it  caa 
contain,  we  have  only  to  weigh  the  powder  in  air  and  compare  its  weight  with 
that  of  the  equal  bulk  of  water  to  ascertain  its  specific  gravity.  * 

....     . ,  3-58.  Take  a  bottle  of  a  known  weight,  fill  it  with  distilled  water,  and  weich 

or  liquids,  jj  carefully ;  then  pour  out  the  water,  and  after  drying  the  bottle,  fill  it  with  nt 
hquid  to  be  tried.  The  following  pronortittn  will  give  its  sptxrific  gravity  :  Af 
the  weight  of  the  distilled  water  is  to  the  weight  of  the  liquid,  so  is  1  to  tne  spe- 
cific gravitv  re<|uired.  Thus,  if  the  weight  of  the  distilled  water  be  300  grains, 
and  that  of  the  liquid  GOO,  the  following  is  the  proportion  we  must  use  : — 

300  :  600  :  :  1.  :  2. 
The   areometer  is   a   convenient   instrument   for    ascertaining  the   tpeciSe 
Artomeler.  gravities  of  liquids.     It  consists  of  a  long,  straight,  graduated  stem,  on  which 
numlR>rs  are  marked  at  the  points  to  whieh  the  iiiKtrunient  sinks  in  liquids  of  the 
specific  gravities  marked  at  these  points.     Tims,  in  distilled  watt^r  it  will  aink  lo 
1,  and  in  nitric  acid  to  1.48.     It  is  made  of  diflerent  materials  according  to  tfai 
nature  of  the  liquids  whose  specific  gravities  are  to  be  ascertained  with  it. 
.      .,  Lovi's  beads   are  alico  very  aseful  for  ascertaining  the  spe<:ific  gravities  of 

.  °^!  '  li()uids.     Thes«^  are  small  balls  made  of  j^lass,  with  numbers  marked  on  them  in- 

***  *•  dicating  the  specific  gravity  of  those  liquids  in  which  they  float  without  any  tea- 

dency  either  to  sink  or  rise  to  the  top.     Those  that  float  on  the  sur Are  show 
that  the  liquifl  has  a  greater  specific  gravity  than  tlie  number  marked  on  then 
expresses,  while  those  that  siiiK  indicate  the  reverse,  being  heavier  than  an  equl 
bulk  of  the  fluid. 
OfGaies  *^'^'^'  ^^''^^^P^'^rir  air  is  taken  as  a  standard  of  comparison  in  estimating  tht 

specific  gravity  of  ga«es,  and  rej)resentcd  by  the  numlnjr  I.  Their  specific  gn- 
vitii^s  are  found  out  in  the  same  manner  as  those  of  other  substances,  vix.  bj 
conipiirin^  the  weight  of  equal  bulks  of  them  and  of  the  substance  which  ii  takca 
as  a  stnndard  of  eomparison. 

For  this  purpose,  a  flask  provided  with  a  stop-cock  is  accurately  weighed  aM 
attached  to  an  air-pump  or  exhausting  syringe,  which  is  worked  in  the  nsoil 
manner ;  and,  when  the  gas  whose  sjiecifie  gnivitv  is  tu  be  tried  has  no  action  oa 
atinosplierir  air,  it  is  not  noressjiry  to  exhaust  ft  to  a  verv  great  degree.  Thi 
st«)p-e«K-k  fixed  to  the  fljisk  is  then  tume<l,  when  it  is  weighed  again  to  ascertaii 
the  qu.mtity  of  air  extracted.  It  is  then  screwed  on  to  ajar  (placed  over  apaeu* 
mntic  trough)  eontainiiic  the  g;is  whose  specific  gravity  is  to  oe  detcrmineJ,  lod 
on  opening  the  stop-cock,  a  quantity  of  gas  is  forced  by  the  pressure  of  the  atmof' 
phero  into  the  flasK,  exactly  equal  in  bulk  to  the  air  which  had  been  withdrawn, 
if  the  jar  be  depressed  in  tlie  liquid  till  it  shall  be  level  both  within  and  without. 
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If  the  flank  be  then  detached  froM  the  jar»  it  b  obYioui  that  by  weighing  it  again     Soet-  HI. 
wc  can  find  out  the  weight  of  a  measure  of  gu  exactly  equal  in  bulk  to  that  of 
the  air  wh<»M  weight  was  found  out  by  the  first  operation. 

For  example,  if  the  flask  should  weigh  570  JP*ins  when  full  of  air,  and  560  Example, 
after  the  exnaostion,  then  the  quantity  of  air  wuch  has  been  witlidrawn  weighs 
10  grains. 

Weight  of  flask  with  air 570  grains. 

Weight  of  flask  after  exhaustion        .        .        .      ' .    560  do. 

Weight  of  air  withdrawn,  ...      10  do. 

And  if  it  shall  weigh  580  grains  after  admitting  an  equal  volume  of  the  gas 
whose  specific  graritv  is  to  be  determined,  then  it  must  be  twice  as  heavy,  or  its 
specific  gravity  must'be  twice  as  great  as  that  of  atmospheric  air. 

Weight  of  flank  with  gas 580  crains. 

Weightof  flask  after  exhaustion,         ....    560  do. 

Weight  of  gas  introdueed 20  do. 

When  the  g^  whose  specific  gravity  is  to  be  ascertained  acts  chemically  on 
•Smoapheric  air,  the  latter  must  be  withdrawn  as  completely  as  possible  by  re- 
peated exhaustions,  filling  it  after  each  with  some  gas  which  is  not  aflected  by 
ibe  other,  and  then  proceeding  in  the  usual  manner. 

360.  In  operating  with  gases,  it  is  also  necessary  to  attend  to  the  pressure  of 
Ike  atmoaphere  as  indicated  by  the  baroincter,  and  the  quantity  of  watery 
Tapour  which  they  may  contain.  Formula  have  been  giv<>n  for  making  rorrec- 
lioBa  when  the  barometer  is  not  at  the  point  adopted  as  Uio  standard  of  compari- 
aon,  and  for  the  quantity  of  watery  vapour  which  the  gases  may  contain,  for 
wksch  He  Faraday's  Ckem.  Manip.  375,  and  Turner,  48. 

361.  It  may  be  necessary,  to  remark,  that  when  the  specific 
grmvity  of  a  gas  is  ascertained,  and  no  variation  in  the  pressure  of 
•  the  atmosphere  of  any  consequence  takes  place  in  the  short  space  of 
time  necessary  for  this  purpose,  and  equal  bulks  of  air  and  the  gas 
whose  specific  gravity  is  to  be  found  out  having  been  weighed  in  this 
manner,  precisely  under  the  same  circumstances  with  respect  to 
pressure,  no  corrections  on  this  account  are  required.* 

963.  Many  operations  upon  the  gases  may  be  performed  in  appa- Tobe  apn- 
ratus  formed  partly  or  altogether  of  glass  tube,  for  a  particular  de-ratoa. 
scription  of  wnich,  the  precautions  to  be  attended  to  in  taking  specific 
gravities,  and  many  other  details,  the  student  is  referred  to  Faraday's 
Chfmiad  Manipulation, 

363.  The  experiments  of  Davy  and  Faraday  have  shown  that 
many  substances,  which  bad  previously  been  known,  when  uncom- 
bioed,  only  as  gases,  may  be  obtained  in  a  liquid  state  by  generating 
them  under  pressure. 

When  thus  compressed,  a  very  moderate  heat  is  sufficient  to  make  Liquefae- 
them  boil ;  and  on  the  removal  of  pressure  they  re-assume  the  elas-  tion  of 
^  form,  most  of  them  with  such  violence  as  to  cause  a  report  like  ^*^'' 
,       to  explosion,  and  others  with  the  appearance  of  brisk  ebullition. 
«       An  intense  degree  of  cold  is  produced  at  the  same  time,  in  conse- 
1      ^oence  of  caloric  becoming  latent. 

The  process  for  condensing  the  gases  consists  in  exposing  them  process, 
to  the  pressure  of  their  own  atmospheres.t 

.  The  aiatcrials  for  produrinc  them  arc  put  into  a  strong  glass  tube  about  eight 
■cWskMig,  which  u  afterwards  scaled  hermetically  ;  then,  being  softened  in  the 
'^■e  of  a  lamp,  at  about  five  inches  from  the  closed  end,  it  is  to  l>e  bi'nt,  not 
<^Kp|y,  hot  obtusely  and  roundly,  until  the  two  limbs  make  an  angh^  of  about 
^or  140^.    The  gas  is  generated,  if  necessar}',  by  tlie  application  of  heat, 

•'9J^^*%E3kmenUqfPfa€Laicm.  t  See  Corftonic  Aotf. 
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Chap.  in.   nnd  when  the  profltiiire  hccomes  rafficiontly  great,  the  liquid  forms  and  coUecti  io 
the  free  end  of  the  tubi;,  which  it  kept  cool  to  facilitate  the  condenaation.* 

required"        ^^^^  pressure  required  to  liquefy  ihe  gases  is  very  variable,  as  will 
appear  from  the  following  table  of  results  obtained  by  Faraday : 

Sulphurous  acid  ffas  . 
Sulphuretted  hydrogen  gas 

Cari>onic  acid  " 

Chlorine  " 

Nitrous  oxide  ** 

Cyanogen  ** 

Ainmoniacal  " 

Muriatic  acid  ** 


Atmomficrcs, 

.      i 

at  45°  F. 

17 

"  50^ 

.      3C 

"  320 

4 

"  60° 

.      50 

"  450 

3,6 

"  450 

6,5 

«»  500 

.      40 

"  50^ 

CHAPTER  III. 

INORGANIC    CHEMISTRY. 
Section  I.     Oxygen, 

Symb.  iS^.  Gr.  Equiv- 

O  1.1024  air     =1  By  Vol.         60. 

16.00      Hyd.=ri  •♦   Wgt.         8. 

DiscoTery.  "^^^  Oxyi^en  has  never  been  obtained  in  a  state  of  complete  sepa- 
ration. In  the  state  of  gas,  it  was  discovered  in  1774  by  Priestief, 
who  gave  it  the  name  of  dephlogisticated  air.  It  was  called  Eimff^ 
real  air,  by  Scheele,  and  Vital  air  by  Condorcet. 
How  ob-  3^^-  I^  i^^y  ^6  obtained  from  various  substances.  1.  From  the< 
lained.  black  or  peroxide  of  manganese,  heated  to  redness  in  a  gun-band, 
or  in  an  iron  retort  (Fig.  S9) ;  or  from  the  same  oxide,  heated  b?  • 
lamp  in  a  retort,  (Fig.  96,  c,)  or  gas  bottle,  (Fig.  87,)  With 
half  its  weight  of  strong  sulpuric  acid.  One  pound  of  manganefe  is 
capable  of  furnishing  from  40  to  50  wine  pints  of  gas.  But  as  mao* 
ganese  is  ofien  contaminated  with  a  small  proportion  of  carbonate  of 
lime,  it  is  advisable,  before  using  it,  to  wash  it  with  hydrochloric 
acid  diluted  with  15  or  20  parts  of  water ;  then  with  distilled  water; 
and  afterwards  to  drv  it  at  a  moderate  heat. 

To  understand  the  theory  of  these  processes,  it  is  necesstiry  to  beir 
in  mind  the  composition  of  the  three  following  oxides  of  manganese : 

Manfirancte.  Oxytfen, 

Protoxide        .        27.7  or  1  equiv,  -f-  •  ^  .        =-35  7 

SeMiuioxide             27  7      .        .  ^.  12  .        =397 

Peroxide                  27.7               .  +  16  =43  7 

On  applying  a  red  heat  to  the  last,  it  parts  with  half  an  equiraleirt 
of  oxygen,  and  is  converted  into  the  sesquioxide.  Every  43.7graiBi 
of  the  peroxide  will,  therefore,  los*^,  if  quite  pure,  4  grains  of  oxygeBi 
or  nearly  12  cubic  inches ;  and  one  ounce  will  yield  about  12S  cubic 
inches  of  gas.  The  action  of  sulphuric  acid  is  different.  Thepe^ 
oxide  loses  a  whole  equivalent  of  oxygen,  and  is  converted  inlopw*' 
oxide,  which  unites  with  the  acid,  forming  a  sulphate  of  the  protoxide 
of  manganese.  Every  43.7  grains  of  peroxide  must  consequently 
yield  S  grains  of  oxygen  and  35.7  of  protoxide,  which  by  unitio? 
with  one  equivalt*nt  (10. 1)  of  the  acid,  forms  75.8  of  the  sulpblW- 
The  first  of  these  processes  is  the  most  convenient  in  practice. 


Theory. 


to 


*  TheM  experimcntii  are  danfferou«>  and  should  not  Ins  undertaken  withoat  aticiM 
the  dircctiuiis  jiren  by  Parauay  in  Sect.  xvi.  Ckem.  Manip, 
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rom  various  other  oxides,  as  will  be  hereafter  mentioned.  ^^^  *» 

roin  nitrate  of  potassa  (common  saltpetre)  made  red-hot  in  a 
rrei,  or  in  a  coated  earthen  retort. 

rom  the  salt  called  chlorate  of  potassa.  For  this  purpose,  the 
>uld  be  put  into  a  retort  of  green  glass,  or  of  while  glass  made 
:  lead,  and  be  heated  nearly  to  redness.  It  first  becomes  liquid, 
quite  free  from  water,  and  then,  on  increase  of  heat,  is  wholly 
d  into  pure  oxygen  gas,  which  escapes  with  effervescence, 
;o  a  white  compound,  called  chloride  of  potassium,  which  is 
ihe  retort.  The  composition  of  the  chloric  acid  and  potassa 
[!onstitute  the  salt,  is  stated  below; — 

orinc        .        35.42  or  I  oq.  Potaraium        .       39.15  or  1  eq 

rgen         .         40       or  5  cq.  Oxygen  8       or  1  eq. 

oric  acid  75  42  or  1  cq.  PntaAsa  47.15  or  1  cq. 

:e  the  oxygen  which  passes  over  from  the  retort,  is  derived 
from  the  potassa  and  partly  from  the  chloric  acid  ;  while  chlo- 
d  potassium  enter  into  combination.  Thus  are  122.57  grains 
chlorate  resolved  into  7457  grains  of  chloride  of  potassium, 

grains,  or  about  161  cubic  inches,  of  pure  oxygen. 

Oxygen  gas  is  insipid,  colourless,  and  inodorous.     It  is  so  Pro|)crtic» 
jly  absorbed  by  water,  that  when  agitated  in  contact  with  ix^o^oxygcik 
:eptible  diminution  takes  place.     100  cubical  inches  at  mean 
alure  and  pressure,  weigh  34.1S72  grains.     It  refracts  the  Eff«^t  of 
'  light  less  than  any  other  gas.     When  suddenly  and  strongly  ^JIJ^!*'^*^** 
^9sed,  heat  is  evolved,  and  a  luminous  appearance  ob&'erved 
le  combustion  of  the  oil  with  which  the  compressing  tube  is 
ted.» 

It  is  a  powerful  supporter  of  respiration  and  combustion.  Support* 
mal  can  live  in  an  atmosphere  which  does  not  contain  a  ccr-  '^'*P*'^°^**'"' 
•rtion  of  uncombined  oxygen  ;  for  an  animal  soon  dies  ifput  Efl'ect  on 
portion  of  air  from  which  the  oxygen  has  been  previously  re-  ««»""«>»• 

by  a  burning  body.  It  may,  therefore,  be  anticipated  that 
I  18  consumed  during  respiration.  Respiration  and  combus- 
iTe  the  same  offt'ct.  An  animal  cannot  live  in  an  atmosphere 
is  unable  to  support  combustion  ;  nor,  in  general,  can  a  can- 
ru  in  air  which  contains  too  little  oxygen  for  respiration. 

singular  that,  though  oxygen  is  necessary  to  respiration,  in  a 
f  purity  it  is  deleterious.  When  an  animal  is  supplied  with 
losphcre  of  pure  oxygen  gas,  no  inconvenience  is  at  first  per- 
;  but  after  the  interval  of  an  hour  or  more,  the  circulation  and 
ition  become  very  rapid,  and  the  system  in  general  is  highly 
I.  Symptoms  of  debility  subsequently  ensue,  foUuwcd  by 
ibility  :  and  death  occurs  in  six,  ten,  or  twelve  hours.  On 
natioQ  after  death,  the  blood  is  found  highly  florid  in  every 
fthe  body,  and  the  heart  acts  strongly  even  after  the  breathing 
ascd.t 
» absorption  of  oxygen  gas  by  the  blood,  and  the  change  of 

that  results,  may  be  shown  by  passing  up  a  liitle  dark  venous 
into  a  jar  filled  with  the  gas,  or  by  agitating  a  portion  in  a 
SUed  with  it. 

♦Thcnard.  t  tiroughtoii. 
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All  combustible  bodies  burn  in  oxygen  gas  with  greatly  increased 

splendour. 

A  lighted  wax  taper,  fixed  to  an  iron  wire,  and  plansed  into  a  vet- 
Hol  of  this  gas,  burns  with  great  brillianrjr.  (Fig.  116.)  If  the  taper  bo 
blown  out,  and  let  down  into  a  vessel  of  the  ^s  while  the  snuft*  re- 
mains red  hot,  it  iuMtantly  rekindles,  wi;h  a  slight  explosion. 

A  red-hot  bit  of  chareoal,  fastened  to  a  copper  wire,  and  immersed 
in  tlic  gas  throws  out  beautiful  sparks. 

The  light  of  phosphorus  burning  in  this  gas,  is  exceed- 
ingly bright. 

Let  the  phosphorus  be  placed  in  a  small  hemispherical  tin  cup,  which  lamy  be 

raised  by  means  of  a  wire  stand,  TFig.  117,)  two  or  three  inches  above  the  «n>- 

face  of  water  conUiined  in  a  broad  shallow  dish.    Fill  a  bell- 

shapt-d  receiver,  having  an  open  neck  at  tlio  top,  to  which  a 

stopjter  Ls  ground,  with  oxygen  gas  ;  and  as  it  stands  inverted 

in  water,  press  a  circular  piece  ot  pasteboard,  rather  exceeding 

tiie  jar  in  diameter,  over  iu  mouth.     Cover  the  phosphorus 

iustantly  with  the  jar  of  oxygen  sas,  retaining  the  paste)>oard 

in  its  pface,  till  the  jar  is  immediately  over  the  cup.    When 

tliis  has  been  skilfully  managed,  a  very  small  portion  only  of 

the  gas  will  escape.    The  stopper  may  now  be  removed,  when 

the  water  will  rise  to  the  same  level  within  as  without  the  jar,  and  the  pho^hch 

rus  may  be  kindled  by  a  heated  copper  wire.* 

iSubs'titutu  for  the  pnosphorus  a  small  ball  formed  of  turnings  of  sine,  in  which 

Exp.  about  a  grain  of  phosphorus  is  to  lie  enclosed.    Set  fire  to  the  phospbonis  as  b^ 

fore.     Tlic  zinc  will  lie  inflamed,  and  will  burn  with  a  beautiful  white  light.    A 

Of  zinc  and  similar  experiment  may  be  made  with  metallic  arsenic,  which  may  be  nioiatciwd 

other  met-    with  spirit  of  turp^sntino.    The  filings  of  various  metals  may  also  Be  inflamed,  bj 

als,  placing  them  in  a  small  cavity,  formed  in  a  piece  of  charcoal,  igniting  the  eba^ 

coal,  and  blowing,  on  the  part  containing  tlie  metal,  a  stream  of  oxygen  gaa  ham 

a  bladder,  or  the  gas-holder.  Fig.  102,  d. 

Tho  combustion  of  iron  or  stc*cl  wire  in  this  gas  is  remarkably  brilliant.  The 
wire  best  suited  for  this  experiment  is  the  fine  ^^uitar  wire  ;  it  snould  be  doubM 
several  times  so  as  to  form  a  bundle,  which  is  easily  done  by  paasing  it  romid 
two  nails  fixf.'d  in  the  lable  about  eighteen  inches  apart,  and  sccuriiu;  the  buneh 
by  loos<']y  winding  tho  last  turn  round  it.  Before  removing  it  from  the  nailti  the 
flame  of  a  spirit  lamp  should  be  slowly  passed  alon^  the  wire  so  as  Fig.  11^ 
to  give  a  low  red  heat  to  every  inch,  and  thus  diminish  its  elasticity. 
When  cool,  tho  hunch  is  to  be  coiled  round  a  tube  or  rod  of  about 
|ths  of  an  inch  in  diameter.  Attach  one  end  to  a  metallic  plate,t 
and  to  the  other  fix  a  small  piece  of  cotton  dipped  in  melted  sulphur. 
A  large  jar  (Fig.  118)  havmg  been  filled  with  the  gas,  remove  the 
stoppUf,  light  the  sulphur,  and  introduce  the  coil.t  The  iron  will 
burn  with  a  most  bnlliant  light,  throwing  out  a  number  of  sparks, 
which  fall  to  the  bottom  ;  if  a  bottle  is  used  the  bottom  is  liable  to  be 
broken,  this  accident,  however,  may  frequently  be  prevented  by 

Ejuring  sand  into  tho  bottle,  so  as  to  lie  about  half  an  inch  deep  on  the  boltoa* 
y  directing  the  flame  of  a  spirit  lamp,  by  means  of  a  current  of  oxygen  gii| 
upon  a  small  ball  of  lime,  the  most  intense  light  is  produced.     An  apparatoi  kt 
this  purpose  has  been  described  by  Drumniond  in  Edin  Jour,  of  s57\.  3IA.{ 
Exp.  A  little  of   lloniberg's    pyrophorus,  a  substance  to  be    Iiercafter    deKriM, 

when  poured  into  a  bottle  full  of  this  gas,  immediately  flashes  like  influned  gaa- 

^  ..    powder.     H.  l.SOe). 

Oxyj^n  di-  '^  ^ 

minishes         368.  During  every  combustion  in  oxygen  gas  it  suffers  a  consi- 
j|yj{"*i*[®*""  derablc  diminulion.il     The  fact  may  be  shown  by  the  combustion  d 

*For  Hare's  apparatus  see  his  Compendium,  p.  103. 

t  The  wire  should  never  be  suspended  from  a  cork,  as  it  may  take  fire. 

t  Watch  bprings,  partially  deprived  of  their  elasticity  in  the  same  way,  mjy  heMS^ 

§Thc  li^fht  and  heat  of  an  Arofand  lamp  sup|ilicd  with  oxygen,  as  contrived  hf 
Dr  C.  T.  Jackson,  are  intcnie.     Sec  plate  second. 

II  To  exhibit  this,  experimentally,  in  a  manner  perfectly  free  from  all  sources  ef  <^ 
mr,  wonld  require  such  ao  apparatus  as  few  beside  adepts  in  chemistry  are  likelj  tt 
posMfSs.    The  apparatiu  required  for  this  purpose,  is  described  in  the      '  ' 

Ji  %tntt%m*tLFJemntt  fi^^tj  Act 


Of  Iron. 
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losphorus,  in  the  manner  which  has  been  already  described.  The  ntuL 
•Si  effect  of  the  combustion  will  be  a  depression  of  water  within  the 
r  ;  but  when  the  combustion  has  ceased,  and  the  vessel  has  cooled, 
considerable  absorption  will  be  found  to  have  ensued.* 
In  this  process  a  white  dense  vapour  is  produced,  which  condenses 
I  the  inner  surface  of  the  jar  in  solid  flakes.  This  sulxstance  has 
roDgly  acid  properties ;  and,  being  formed  by  the  union  of  oxygen 
ith  phosphorus,  is  termed  the  phosphoric  acid.  In  the  instance  of 
larcoal,  though  that  substance  undergoes  combustion,  no  absorption 
itaes  ;  because,  as  will  appear  in  the  sequel,  the  product  is  a  gas, 
copying  exactly  the  same  bulk  as  the  oxygen  gas  submitted  to  ex- 
itimenU 

369.  The  phenomena  of  combustion  were  referred  by  Stahl  andsuhl'sidn 
a  associates,  to  a  peculiar  principle  which  they  called  phlogiston;  of  combos- 
was  supposed  to  exist  in  all  combustibles,  and  combustion  was  said  ^^' 
depend  upon  its  separation  ;  but  this  explanation  was  absurdly  at 

iriaoce  with  the  well  known  fact,  that  bodies  during  combustion 
crease  in  weight. 

370.  AH  bodies,  by  combustion  in  oxygen  gas,  acquire  an  addi-  Bodies  in- 
m  to  their  weight ;  and  the  increase  is  in  proportion  to  the  quantity  ^'^^^i"' 

gas  absorbed,  viz.  about  one  third  of  a  grain  for  every  cubic  inch  ^^      * 

gas. — To  prove  this  by  experiment,  requires  a  complicated  appa- 

tas.     But  sufficient  evidence  of  this  fact  may  be  obtained  by  the 

Howing  very  simple  experiment. 

Fill  tiM  bowl  of  a  common  tobacco  pipe,  with  iron  wire  coiled  vpirally,  and  ofRyp^ 
lowo  weight :  let  the  end  of  the  pipe  be  slipped  into  a  brass  tube,  which  is 
mrnmd  to  a  bladder  filled  with  oxygen  m:  heat  the  bowl  of  the  pipe,  and  its 
■tMits,  to  redness  in  the  fire,  and  then  rorce  through  it  a  stream  of^  oxygen  gas 
oiIIm  bladder.  The  iron  wire  will  burn  ;  will  be  rapidly  oxidized  ;  and  will 
Iband,  when  weighed,  to  be  considerably  heavier  than  before.  When  com- 
ilalj  andix§d  in  this  mode,  100  parts  of  iron  wire  gain  an  addition  of  about  30. 

371.  Afler  the  discovery  of  oxygen  gas,  it  was  adopted  by  Lavoi-  Theory  of 
jr  as  the  universal  supporter  of  combustion.  The  basis  of  the  gas  Lavoisier, 
IS  supposed  to  unite  to  the  combustible,  and  the  heat  and  light 

bich  It  before  contained  in  the  gaseous  state,  were  said  to  be 
otved  iothe  form  of  flame.     But  in  this  case,  several  requisites  are  Insufli- 
It  folfilled  ;  the  light  depends  upon  the  combustible,  and  not  upon^'^*^^* 
e  qaaotity  of  oxygen  consumed ;  and  there  are  very  numerous  in- 
aaces  of  combustion,  in  which  oxygen,  instead  of  being  solidified, 
(Comes  gaseous  during  the  operation ;  and,  lastly,  in  others,  no 
qrfen  whatever  is  present.     Combustion,  therefore,  cannot  be 
farded  as  dependent  upon  any  peculiar  principle  or  form  of  matter. 
oerselius,  in  adopting  the  electro-chemical  theory,  regards  the  Berzelios' 
Ml  of  combination  as  an  electrical  phenomenon,  believing  it  to  ^*^* 
rise  from  the  oppositely  electrical  substances  neutralizing  one  ano- 
ier,]D  the  same  manner  as  the  electric  equilibrium  is  restored  during 
hi  discharge  of  a  Ley  den  jar.     There  are,  indeed,  strong  grounds 
Br  believing  that  electrical  action  is  an  essential  part  of  every  che- 
lical  change,  and  it  is  probable  that  the  heat  developed  during  the 
iQer  may  be  due  to  the  former ;  but  this  part  of  science  is  as  yet 
•0  impenect  for  indicating  the  precise  mode  by  which  the  efiect  is 

*Thoit  panons  who  aia  possessed  of  a  mercurial  apparatos  may  repeat  this  ezpc- 
■MM  ia  a  Isat  eaesoteabM  maaaer,  as  dcseribcd  in  Hewy*s  Clsmficry,  t.  tio. 
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ohMp  m.   produced.     The  heat  emitted  during  combustion  varies  with  the  na- 
ture of  the  material.*     T.  i67. 
Products.        372.  The  substances,  capable  of  uniting  with  oxygen,  afford  tieUs 
and  oxides, 

373.  The  name  oxygen,  from  o{d;  acidt  and  yeyvdm  I  gentrtU, 

was  proposed  by  Lavoisier,  from  the  supposition  that  it  was  the  wde 

Oxygen  oot  ^^"^^  ^'  acidity.     But  oxygen  is  not  essential  to  the  acidity  of  a 

essential  to  compound,  for  some  bodies  are  rendered  acid  by  union  with  cnlorioe, 

additj.      others  by  hydrogen  ;   and  the   theory  of  Lavoisier  which  coDsid- 

ered  oxygen  as  the  essential  principle  of  ftcidity,  can  no  longer  be 

received  as  correct 

In  many  instances,  a  combustible  body,  which  afibrds  an  aeid 
when  united  with  a  certain  quantity  of  oxygen,  gives  an  astidi  when 
combined  with  a  less  quantity ;  and  the  acid  may  be  brought  back  to 
the  state  of  an  oxide  by  separating  part  of  its  oxygen.     Some  of  the 
metals  also,  combined  with  a  small  proportion  of  oxygeoi  give  oi- 
ides  capable  of  uniting  with  acids  and  of  composing  salts^  and  agiia 
united  with  more  oxygen  yield  an  acid  which  is  susceptible,  irink 
oxides,  of  forming  saline  compounds. 
Action  of       374.  When  acids,  contaibing  much  oxygen,  are  poured  on  tub- 
t!dD^ox-  ^^"^63  ^^^^  ^Q^^  ^  great  affinity  for  this  element,  as  metals  aad 
jgen.         some  inflammable  bodies,  oxygen  is  rapidly  taken  from  them.    The 
combination  with  the  liberated  oxygen  is,  in  some  cases»  so  tapkl 
as  to  give  rise  to  combustion ;  ais  when  nitric  acid  is  poiiied  apea 
spirits  of  turpentine,  or  phosphorus.     See  nitric  acid. 
Oxidation  **     375.  Mercury  is  speedily  oxidized  by  the  same  acid,  and  also  if 
ofmerearj.  boiled  in  sulphuric  acid.     In  both  cases,  however,  the  oxide  formed 
by  the  decomposition  of  one  portion  of  the  acid  unites  with  another 
portion  that  has  not  been  decomposed,  and  the  resulting  products  an 
a  nitrate  and  a  sulphate  of  the  oxide  of  mercury. 
Deozida-        ^^  When  oxygen  is  to  be  removed  from  any  substanea  whicb 
tioD.  does  not  part  with  it  on  exposure  to  heat,  the  substance  is  oftss 

mixed  with  charcoal,  which,  at  a  high  temperature,  has  a  mack 
greater  affinity  for  oxygen  than  most  other  substances.  It  is  in  tUi 
manner  that  most  of  the  common  metallic  oxides  are  deoxidised,  aal 
their  bases  procured  in  a  metallic  form  ;  the  Carbon  comhining  witk 
the  oxygen  and  passing  off  in  the  form  of  carbonic  acid  gas.   F. 


Section  II.    Hydrogen. 

Symb.  8p.  Gr,  Oiem,  Eqtdf. 

H.  0.0689  air    =t  By  Vol.    100 

1.00    Hyd.=>:1  *»  Wgt.       I 

J^^'Ti  377.  This  gas  was  formerly  termed  infiammabh  air^  froa 
its  combustibility,  and  pMogislon,  from  the  supposition  that  it 
was  the  matter  of  heat ;  but  the  name  hydrogen,  from  idnq  wtiUr, 
and  yev^suf  to  generate,  has  now  become  general.  Its  nature  wai 
leading  properties  were  first  pointed  out  in  the  year  1766  by  CaviS' 
dish.t 

The  most  simple  form  in  which  it  has  hitherto  been  obtained*  ii 
in  that  of  a  gas.  Of  its  nature  we  know  but  little,  but  as  it  has  not  yrt 
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isolved  inioBnjr  more  aimple  form,  ii  i>  still  BiraDgcd  among    Sao.  ii. 

Ary  bodies. 

To  procura  hydrogen  gas,  let  sulphanc  acid,  prertously  di-M*'''"' "f 

ith  five  or   six  times  its  weight  of  water,  be  poured  on  ir«n  Cj^^B 

or  on  small  iron  nails  ;  or  (wnat  is  still  belter)  pour  sulphuric  gu, 

uted  with  eight  parts  of  water,  on  zinc,  granulated  by  pour- 

lelted  into  cold  water,  and  contained  in  a  gas  bottle.  Figs.  86, 

mall  retort.  Anefiervescence  will  ensue,  and  the  escaping  gas 

collected  in  the  usual  manner  over  water. 

An  ingenious  apparatus  for  obtaining  it  instantaneously  in  a  tntlinima- 

Tjr,  was  contrived  by  Gay-Lussac.  '''■  "" 

■tti  of  ■  three  necked  glm  bottle,  fFi^.  119,)  one  of 

aeoiDgi  hu  a  iiopper,  fiom  which  b  napcndtid  s 

Inder  of  line  a.    To  ihe  opponu  iptrture  ii  fiied 

mm  tube  ftiniiihed  with  a  ■top.eock,  on  wfaicb  may 

•d  eitheT  n  nnalt  jal  for  burning  the  gat,  or  a  tabs  to 

it  wfaeroTer  it  nnj  be  retgiiiTod.    The  upper  veMel  ia 

and  rrouad  10  fit  the  muldle  peck,  iti  pipe  reaching 

nnall  diatance  of  the  bottom  of  the  bottle.    To  uae 

[wlua,  the  lower  veMel  ii  filled  with  lolphuric  acid 

diluted,  nud  the  zinc  cylinder  ia  then  introduoed,  the 

■•JDi  clowd  to  which  it  ii  affixed,  nnd  the  cover  of 

r  va^l  remored.     The  g»  which  !■  generated  drivee 

•d  acid  into  the  upper  tbihI,  and  the  fiiither  produc- 

caaaai,  whon  the  iJnc  ii  completely  uDcoversd.    Wa 

n  the  bottle  filled  vrilh  gt ;  and  can  at  any  lime  eipel  it  by  opening 

,  and  allowing  the  aUnoapbere  to  pna*  on  the  auilMia  of  the  liquid  in 


nodtfication  of  ihia : 


hiaanparalDi  hai  Immd  contrived  bv  UBiafiairiMu. 
ila,  ^  Wilhinlhe  » It  Mii  Utla^T 


D.)    It  c 

M  inner  one  bsYing  no  bottom  ij  iiiTDiihad 
top-cock  at  the  upper  part.  A  piece  of  linc  is 
id  in  Ihe  inner  veuel;  acid  and  water,  previ- 
Miled,  being  poured  into  the  apace  balween 
vaaaeti,  (ihe  atopn^ock  tieing  open,)  will  expel 
Ukd  riae  in  ihs  inner  veiael ;  coming  in  con- 
I  tbe  line,  hydrogen  will  be  giten  oil.  The 
lid  be  allowed  to  escape  UDlifall  the  air  baa 
palled  from  Ihe  inner  ve«el.  The  itopHMck 
nr  ctoaed,  the  hydroaen  will  accnmulata  in 
m  vmmI,  preH  upon  the  acid  and  water,  and 

[he    apace    between    the    two    ve«ela. 

I  until  the  zinc  i<  no  longer  in  contact 
The  iuner  veiael  will  be  a  reNrroir 

^    ..      rom     which    any    deiired    quantity    can 

R  00  epatiing  the  itap<ock,  A  atraigbt  pipe,  or  Beiibla  tube,  being 
■poD  the  ■top.cock,  the  gaa  may  be  conveyed  into  any  other 
'  appantua.  Aa  tbe  gaa  paaaea  out,  ibe  add  and  water  rise  in  the 
Hsl,  aod  ^ain  come  in  contact  with  ibe  tine,  and  mora  hydrogen  ia 

Hydn^n  gas,  thus  obtained,  is  not,  however,  to  be  coosi-  impor*  as 

|aa  may  be  partiallf  parified  hypaaaiBg  itthrongh  aaolution  of  pore  p 
lid  partT  bj  ouag  dialilird  liitc.     In  oidei  to  purify  the  linc,  Thofni 

At  tbia   lempentnre, 


ig  dialilird  liitc.     In  oidei  to  purify  the  linc,  Thofnaoo  ei- 
in  a  alone  ware  retort,  Iniad  lo  a  rnniver  nearly  Blled  with 

tan,  the  line  it  aubhmed  and  freed  from  all  ita  impurilira, 


L  apoa  which  it  forma  a  thin 


:  poored  upon  Ihs  iDrfBCC  of  *  clean  amooth 
alwal  whicb  can  be  eaaily  broken  into  mall 
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Chap,  in.       381.  Hydrogen  is  an  aeriform  fluid,  but  very  slightly  absorbable 
Propertiei.  by  water.     It  has  no  taste,  and   may  be  respired  for  a  short  time, 

though  it  is  fatal  to  small  animals.     As  usually  prepared,  it  bai  a 

disagreeable  odour,  but  when  pure  has  none.* 

It  may  be  breathed  a  few  timet  with  safety,  and  if  the  experimenter  iMik 
immtdiatdy  on  removing  his  lipe  from  the  mouth-piece  of  the  bag  or  bladdtr,  • 
remarkable  change  in  the  voice  is  perceived. 

382.  It  is  the  lightest  body  known,  and  is  therefore  convenientlr 
assumed  as  unity  in  speaking  of  the  specific  gravity  of  ^ases,  as  well 
as  in  referring  to  the  proportions  in  which  bodies  combine.  100  cu- 
bic inches  weigh  2.1367  grains.     It  is  16  times  lighter  than  oxygen. 

383.  The  levity  of  hydrogen  may  be  proved  by  experimenL 

Let  a  jar  filled  with  this  gas  stand,  for  a  few  seconds^  with  its  open  noath  if- 
wards.    On  letting  down  a  candle,  the  gas  will  be  found  to  have  escaped. 

Place  another  jar  of  the  ^  inverted^  or  with  its  mouth  downwards.  The  gv 
will  now  be  found  to  remain  a  short  time  in  the  jwy  being  prevented  from  ■sci^ 
ing  upwards  by  the  bottom  and  sides  of  the  vessel. 

384.  Hydrogen,  in  consequence  of  its  extreme  lightnesSy  is  en* 
ployed  for  filling  air-balloons. 

Fill  with  hydrogen  gas,  a  bladder  fur-  ^If- 191* 

nished  with  a  stop-cock,  (Fig.  121 ;)  and 
adapt  to  this  a  common  tobacco  pipe.  Dip  ^^ 
the  Dowl  of  the  pipe  into  a  lather  of  soap, 
and,  turning  the  cock,  blow  up  the  lather 
into  bubbles  ;  instead  of  failing  to  the 
ground  like  those  commonly  blown  by 
children,  they  will  rise  rapidly  into  the 
air. 

The  experiment  may  be  varied  by  filling  the  bladder  with  a  mixture  of  tve 
parts  of  hydrogen  gas  and  one  of  oxygen  gas.  Bubbles,  blown  with  this  mizMa, 
take  fire  on  the  approach  of  a  lighted  candle,  and  detonate  with  a  knid  rsport. 
It  is  proper,  however,  not  to  set  them  on  fire  till  they  are  completely  detacM 
from  the  bowl  of  the  pipe. 

385.  Hydrogen  is  inflammable,  and  when  pure  bums  with  m  laoh 
bent  blue  flame  at  the  surface  in  contact  with  the  air. 


Exp. 


Exp. 


Inflamma 
hie. 


Exp. 
Exp. 


Exp. 


Exp. 


Fin  3  small  jar  writh  the  gas,  and,  holding  it  with  the  mouth  downwaidi,1iiUf 
the  sas  into  contact  with  the  flame  of  a  candle. 

FiU  with  this  gas  a  bladder  which  is  furnished  with  a  Bto(>-cock,  and  wiA  i 
small  pipe,  of  diameter  less  than  that  of  a  common  tobacco  pipe.  Preti  the  tk 
out  through  the  pipe,  and  on  presentinca  lighted  candle,  the  stream  will  lakaini 
and  continue  to  bum  with  a  pale  and  feeble  flame. 

386.  Hydrogen  gas  does  not  support  combustion. 

Remove  ajar,  filled  with  the  gas,  from  the  shelf  of  the  pneumatic 
trough,  upon  a  plate ;  bring  it  near  a  lichted  candle,  and  expedi- 
tiously removing  the  plate,  cover  the  candra  ;  it  will  be  extinguished. 
At  first  there  will  be  a  slight  explosion,  fi^m  the  gas  at  the  mouth 
of  the  jar  mixing  with  atmospheric  air. 

Suspend  a  long  tube  or  jar  (Fig.  viS)^  with  its  mouth  downward* 
containirtg  hydrogen  gas;  remove  the  stopple  and  introduce  a  light- 


Fig. » 


rrl 


A 


the  mouth  of  the  jar.     Care  should  obviously  be  taken,  that  water     I 
docs  not  remain  about  the  moutli  of  the  jar.  (  ^ 


*  Iterzeliut  has  shown  that  the  gas  generated  from  iron  filiogs  and  di- 
lute sulphuric  acid,  loses  its  odour  by  being  passed  through  pure  alcohol, 
and  when  the  alcohol  is  diluted  with  water  and  is  kept  a  few  days,  aa 
odorous  volatile  oil  is  separated,  which  caused  the  sinsll  of  the  gas. 


Dttonatiom  mik  Oxygen. 

iDM  who  tn  ptoridod  wilb  the  jm  r«prt«ented  Fig.  M,  a,  maj  icraw  to    i 
k  B  hnm  pipe  irith  >  ani^]  kpeitnre.    Od  prewing  the  jir,  filled  Trilhhj-~ 
gai,  into  the  water,  luid  opening  the  cock,  the  gai  nill  be  forced  out  in  ■  ^ 
nbkb  ma;  be  Ml  on  fire.    Oo  Ihii  principle  are  founded  tba  nitificial 
ki   witbout  imell   or  tmoke.    The;  coDfiat  of  pipe*,  baviog  Tuioml; 
Mrturaa,  aoDie  of  whicb  bsTo 


1«6 


trad,  and  a  variety  of  jeti  and  reToNiog  bnnien  be  attached. 
.  It  has  been  found  by  Dqjbereiner,  that  wheD  a  stream  of  hy- 
I  it  dlrecled  upon  spongy  plBlinum,  the  platiQura  >oon  becomei 
t,  and  ihe  hydrogen  is  inoamed.* 

diicoTenr  baa  led  to  varioua  madificationa  of  the  in-  'la  lU' 

bla    air    lamp.    A    verj  convenient   and   omamen- 
B  of  nbicb  »  repreaented  in  Fig.  123.    It  it  com- 
f  two  glB«  T«arla  filled  lo  eacfa  oUii 
■ppacatui  of  Uajr-LuaaM:.    The  tab< 
;.    j  jjj  j^lindor  of  line,  which  ia'aup- 

nail  brua  boi  6,  attached 
alher  and  which 
When  a  light 
red  the  cock  if  i>  turned,  sod  Iba  preaeure  or  Ihg  acid 
s  tbf  upper  leiaol  expel*  the  bydrogen,  aa  Id  the  ap- 


b  omor  by  nindiDg,  aa    i'         > 
e  lobe  «,  or  the  upper    1 


.  If  mixed  wilh  common  airt  hydrogen  buma  rapidly  with  de-  Deicnaie* 


1  atrving  phial,  capable  of  holding  about  6  onncea  of  water  inlrodnce  ene 
hjdnigen  and  (bree  parli  of  common  air.  Oo  applying  a  ligbled  candle 
I  hot  wire,  ihe  mixlutc  will  explode. 

ned  bj  meani  of  an  appoiatua  called  the  in- 

; --™»uor        m:  im. 


experiment  i 


ucb-  <^ 


irpiMol.  (Fig.  IJ4.)  Tbi 
lar  of  braan,  about  three  fourlbiof  an  inch 

inchea  long,  in  the  form  of  a  email  cannon  or  piitot- 

piDparly  mounted,  and  having  a  wire  «, 
I  a  tuba  of  ivoiy,  b,  and  not  quite  loucfaing  the 
ijlinder,  at  the  part  uiually  occupied  by  the  lAucb. 
m  electric  apark  communicated  to  thia  wire  tnflamn  Iba  miitura  of  bydr»- 
1  •tmoaphenc  air  in  ita  interior,  ll  may  be  charged,  by  holding  il  for  a 
lorer  Ibe  open  jet  of  the  inatnimoDl  (Fig.  119),  alwayi  taking  care  that 
'  •  due  adDuxlure  of  atmoa pharic  air,  otherwiae  the  electric  ipark  will  not 

it. 

.     If  the  experiment  be  repeated  with  oxygen  gas  instead  ofpeton 
pherical  air;  changing  the  proportions,  ^d  mixing  only  one  «iib  c 
rihe  oxygen  gas  with  iwo  of  hydrogen,  tiie  report  will  be  con-*"' 
blr  louder.     The  bottle  should  be  a  sUtiDg  one,  nnd  should  be 
ed  round  with  cloth,  to  prevent  accident. 
tIm  exploded  by  igniting  a  fine  platinum  Flf.  ISS. 

■Oin  a  alrong  iloaa  venel  (Fig.  125,  t); 

»  nay  be  on  inch  in  length,  and  connected  s.^  ^ 

ro  atnit  copper  wire,  a  a  paning  in  at  the  fl^|gf*=' 

mofli  a  cork  :  the  copper  wim  ahould  r  ^.^rs   . 

ikea  to  Ibe  vicea  of  aunallcalorimotore. 
id  liquor  being  ronlained  in  a  glaaa  or 
■itahle  veael  i,  ii  to  be  railed  op  cuffi- 

lo  have  the  platra  inmiened.     See  Gal- 


'  «o«Uie  cloth,  dippMi  iu  tbe  aolntion  fro_  ■~^;3^ 

ha  ajioage  ia  obtained,  (ire  i>Ia(Mtnn,)  and  thin  lallamed  ;   ii  irnita*  aa  lat- 

Iba  ptauiaom  ipoagi ;  Iba  ipoap  and  lindar  ihonld  be  peifacltj  dry.     W. 
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A  bladder,  filled  with  hydro^n  and  oxygen,  may  be  exploded  with  taftty 
by  luspend^ng  it  from  the  ceiling,  and  piercing  it  with  a  abaip  wire  at  the 
end  of  a  long  stick,  with  a  little  tow  about  it,  dipped  in  spirits  of  turpentine  nd 
burning. 

390.  The  same  experiment  may  be  made  over  water,  by  meant  of 
the  electric  spark. 

Procure  a  strong  tube,  about  threo  quarters  of  ap  inch  in  diame-     FIf.  ifi^. 
ter,  and  12  inches  lone,  closed  at  one  end.  (Fig.  126  )  About' a  ' 

quarter  or  half  an  inch  from  the  sealed  end,  let  two  small  holes    ^ 
be  drilled,  opposite  to  each  other,  ^and  into  each  of  these  let  a 
brass  conductor  be  cemented,  so  that  the  twQ  points  may  be  dis- 
tant from  each  other,  within  the  tube,  about  one  eighth  of  an 
inch.    An  apparatutf,  serving  the  same  purpose,  and  much  more 
easily  constructed,  may  be  formed  by  hermetically  sealing  a  piece 
of  brass  wire,  or  still  belter,  platinuih  wire,  into  tne  end  of  a  glass 
tube.    With  this  conductor,  an  interrupted  circuit  may  be  formed 
by  introducing  into  the  tube  a  longer  wire,  one  end  of  which  ter- 
minates one  tenth  of  an  inch  from  the  upper  one,  whale  the  oth^ 
extends  beyond  the  aperture  cU*  the  tube.  (See  Fig.  127,  e.)  Into 
this  tube,  standing  over  water,  pass  about  half  a  cubic  inch  of  a 
mixture  of  hydrogen  and  oxygen  gas^ ;  >n  the 
proportion  of  two  measures  or  the  former  to  one 
of  the  latter.     Hold  the  tube  firmly,  and  pass  an 
electric  spark  through  the  mixed  jgafes.    For  re- 
lieving the  shock,  which  is  sometimes  considera- 
ble on  firing,  an  ingeniojis  contrivance  of  Davy 
may  be  employed.*    The  first  effect  of  the  com- 
bustion is  a  BUddcn  and  considerable  enlargement 
of  volume,  which,  from  some  experiments  ot  Davy 
probably  amounts  to  15  times  the  original  bulk 
of   the    mixture.    After  this    the  gases,  if  per- 
fectly pure   and  in  the  proper   proportiiDn,  will 
be  found  to  have  disappearca  entirely.  H.  1.  235.    ^ 

391.  The  power  of  flame  and  electricilVt  in  causing  a  mixture  of 
hydrogen  with  air  or  oxygen  gas  to  explode,  is  limited ;  flame  occa- 
sions a  very  feeble  explosion  when  the  hydrogen  is  mixed  with  nine 
times  its  bulk  of  air;  and  a  mixture  of  four  measures  of  hydrogen 
with  one  of  air  does  not  explode  at  ail.  An  explosive  mixture,  form* 
ed  of  two  measures  of  hydrogen  and  one  of  oxygen  gas,  explodes 
from  ail  the  causes  above  enumerated.  Biot  found  that  sudden  and 
violent  compression  likewise  causes  an  explosion,  apparently  fron 
the  heat  emitted  during  the  operation ;  for  an  equal  degree  of  con- 
densation, slowly  produced,  has  not  the  same  effect.  The  electric 
spark  ceases  to  cause  detonation,  when  the  explosive  mixture  is  di- 
luted with  twelve  times  its  volume  of  air»  fourteen  of  oxygen,  ornioe 
of  hydrogen  ;  or  when  it  is  expanded  to  sixteen  times  its  bulk  by  di* 
minished  pressure.  Spongy  platinum  acts  just  as  rapidly  as 
or  the  electric  spark  in  producing  explosion,  provided  the  gases 
quite  pure  and  mixed  in  the  exact  ratio  of  two  to  one.t  Fara^ 
day  finds  that  platinum  foil,  if  perfectly  clean,  produces  gradosl 
though  rather  rapid  combination  of  the  gases,  often  followed  by  ex- 
plosion.t 


♦  Phil.  Mag.  xxxi.  3. 

t  For  a  Tariety  of  facts  respecting  the  causes  which  prevent  the  action  of  flame,  < 

nnilv    !tnri    nlmmiim   in    nnvlnrifiir   H^tonntinn.    thii    nHiH«»r  miiv  mnaiilt   tlwi  Ji^ 


the  same  year. 
tPhil.  Trans.  1834. 


Hart't  Compovmd  Blow-pipe. 
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Vhea  the  action  of  heat,  the  electric  spark,  and  spongy  plati*    V&t.  n. 


)nger  causes  explosion,  a  silent  and  gradual  combinaiion  be^  Slow  com- 
i  gases  may  still  be  occasioned  by  them.   Davy  observed  that  bimiion. 
md  hydrogen  gases  unite  slowly  with  one  another,  wheil 
exposed  to  a  temperature  above  the  t>oiling  point  of  mercury, 
IT  that  at  which  glass  begins  to  appear  luminous  in  the  dark, 
sive  mixture,  diluted  with  air  to  too  great  a  degree  to  ex^ 

electricity,  is  made  to  unite  silently  by  a  succession  of 
sparks.     Spongy  platinum  causes  them   to  unite  slowly 
lixed  with  one  hundred  times  their  bulk  of  oxygen  gas^  T.iso. 
L  current  of  hydrogen  may  be  inflamed  when  issuing  from  a  Mntkal 
ifture,  and  if  a  tube  of  eighteen  or  twenty  inches  in  length  JJJ**|?'* 
ver  the  flame,  a  peculiar  musical  tone  is  produced.     This  oombiutioB 
lot  peculiar  to  hydrogen,  but  is  produced  by  a  variety  ofof  bjdro- 
nes,  and  is  referable  to  the  succession  of  explosions  pro-  ^^' 

the  combustion  of  the  gas  in  the  tube. 

The  tendency  which  gaseous  fluids  have  to  become  com- O****  •j'^j' 
lixed  under  all  circumstances,  and  as  it  were  to  penetrate  !^^7iM:/to 
}r,  is  well  illustrated  where  hydrogen  is  employed.     Thus,  mix  to- 
nail  phials,  the  one  containing  oxygen  and  the  other  hydro- ^^^'' 
onnected  perpendicularly  by  a  long  glass  tube,  of  small  bore» 

found,  that  although  the  hydrogen  be  uppermost,  and  much 
lan  the  oxygen,  it  will,  in  the  course  of  a  few  hours,  have 

mixed  with  the  oxygen,  and  the  gases  will  be  found  in 

)portions  in  both  phials.    Dalton  has  shown  that  gases,  un* 

r  fluids,  do  not  remain  upon  each  other  without  admixture.* 

The  flame  of  hydrogen  is  occasionally  employed  for  exciting  Harc*i 

leat ;  and  it  has  been  found  when  mixed  with  oxygen  and  blow-pipe. 

s  the  mixture  issues  from  a  small  jet,  to  excite  a  tempera- 

*ly  equal  to  that  of  the  arc  of  flame  in  the  Voltaic  circuits 

Mpe  upon  this  construction  was  first  made  by  Hare : 

iliof  a  cylindrical  veaael  of  dn,  TFig.  1*28,  a,) 
preferable  copper,  divided  in  tne  middle  by 
(One,  BO  aa  to  form  two  distinct  reaeryoirs,  one 
i  and  the  other  for  bydroged.  Into  the  lower 
Bb  reservoir,  a  tube  b^  is  inserted  somewhat 
■i  in  the  common  sas-holder.  Above  the 
IB  a  conical  tin  funnele,  furnished  with  astop- 
ooonected  with  a  tube  which  immediately  be- 
m  into  two,  one  passing  to  each  reservofir.  A 
w  out  from  each  reservoir,  meeting  in  a 
•eetion  of  which  is  represented  at  «).  The 
thus  mingled  and  are  then  made  to  issue 
Miliary  tube  drilled  through  a  wire  of  silver 
id  into  the  cone,  t  The  lower  tubes  bein^  closed, 
tfoi  is  filled  with  water,  and  the  gases  Mitroduc- 
Moaoal  method  of  filling  a  gas-holder.  The  re' 


Fig.  lU. 


Memoirtf  toI.  i.  New  Series. 

laBgement^  consisting  of  two  separate  reserroirs  for  the  sases,  is  perfectly  safe 
ii«nt :  the  jet  may  he  formed  of  two  coocenlric  cones.  In  1824  I  defised  a  jet, 
'  made  for  roe  by  Newman  of  London,  to  whom  I  sent  a  drawing  and  de- 
It  is  the  only  jet  I  have  been  in  the  habit  of  using  since  that  time,  and  it 


I,  as  aniicipated,  perfectly  safe.  It  consists 
oeathc  tubes  of  nrass  (rig.  129),  each  ter- 
f  platinum,  a  space  being  left  between  the 
Boe  stop-cock,  opening  into  the  space,  and 
» the  cavity  of  tne  inner  tube,  the  two  gases 


Fig.  1S9. 


T  . 
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Fig.  130. 


Olup.  in.  Mrvoin  beinc  filled,  the  lower  tabes  are  closed,  and  water  pdored  into  the  fbimel 
~~~~^^"  on  opening  toe  stop-cocks  the  gases  are  propelled  through  the  jet.  When  wb- 
stances  are  to  be  exposed  to  the  action  of  this  instrument,  the  stop-coek  coaoecl- 
ed  with  the  reservoir  of  hydrogen  should  be  first  openad  and  the  gas  nMj^be 
inflamed  ;  the  other  stup-cock  is  then  gradually  opened,  and  the  oxygen  mixing 
with  the  hydrogen,  an  intensely  high  temperature  is  obtained. 

With  this  instrument  Hare  and  Silliman  first  effected  the  fusioDof 
some  of  the  most  refractory  substances  in  nature.* 
Brooke;s        396.  The  blow-pipe  invented  by  Brooke  depends  for  its  actioo  oo 
blow-pipe,  jjjg  elasticity  of  compressed  air,  and  consists  of  a  strong  copper  boi 
(Fig.  130),  into  which  several  atmospheres 
are  crowded  by  means  of  a  condensing  sy- 
ringe.     Various   expedients    have    been 
adopted  to  render  this  a  safe  substitute  for 
the  oxy-hydrogen  blow-pipe  of  Hare.    It 
may  be  done  by  interposing  between  the 
flame  and  the  main  reservoir  of  gases,  a 
cylinder  containing  a  little  water  or  oil, 
through  which  by  means  of  a  valve  at  the 
bottom,  the  gases  are  allowed  to  pass. 
The  safety  of  the  instrument  is  increased 
by  the  safety  tube,  lately  proposed  by  Hem- 
ming. 

•  «^       1^  consists  of  a  brass  cylinder,  about  six  inches 

f"?°iu£*  '®?Mf»  *"^  three  fourths  of  an  inch  wide,  filled 

safety  uioe.  ^.^j  ^^^  ^^^  hnm  wire,  in  length  equal  to  that 

of  the  tube.    A  pointed  rod  of  metal,  one  eighth 

of  an  inch  thick,  is  then  forcibly  inserted  through 

the  centre  of  the  bundle  of  wires  in  the  tube,  so  as 

to  wedge  them  tightly  together.    The  interstices 

between  the  wires  thus  constitute  very  fine  metallic  tubes,  the  conductiiig  poww 

of  which  is  so  great  as  entirely  to  intercept  the  passage  of  flame.t  t 

Boms  OB-  ^^^'  '^^^  flame  produced  by  the  oxy-hydrogen  blow-pipe  contimiei 
der  water,  to  burn  when  submersed  in,  and  in  actual  contact  with,  water,  with 
the  same  splendour  as  in  the  atmosphere  ;  the  only  difference 
that  under  water  its  figure  is  conglobated,  whereas  in  air  ii 
that  of  a  long,  slender,  conical  pencil.  Care  is  required  to  introdoet 
the  flame  slowly  into  the  water.  A  piece  of  pine  wood  or  cork  whee 
brought  within  the  action  of  the  submerged  flame  gires  oat  a  lA 
liant  light. 


are  conrsyed  along  the  jet  without  mingling  until  they  arrive  at  the  orifloe  wbenthif 
are  burned.  Either  gas  may  be  made  to  sorround  the  other  at  pleatora  OMiilf  w 
changing  the  connexion  with  the  resenroirs.  In  the  PhiL  Mag;  it  thud  Mrice,OMiw 
has  described  a  similar  jet.  X  was  not  aware  until  these  pages  were  p— "fg  thimfk 
the  press  that  a  jet  of  similar  construction  had  been  early  employed  by  Han.    W. 

*  Anur.  Jour,  qf  Sd.  vol.  ii.  p.  281,  ftc    t  Pha,  Mag,  third  series,  i.  81. 

t  In  some  recent  experiments  with  mixtures  of  the  gases,  contained  in  UaMmit' 
taehed  to  the  extremities  of  this  tube,  I  have  found  it  impossible  u>  cxploda  WItf 
firing  one,  and  have  been  led  to  attach  it  to  a  large  globe  of  copper  in  which  thef~^ 
are  condensed,  and  with  a  simple  jet  at  the  other  extremity,  use  the  appaittw 
perfect  safety.    W. 
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Hydrogtn-and  Oxygen,    Protoxide  of  Hydrogen — Water.  stt.ii. 

Composition* 

Syrob.  H+O  or  1&,  By  Wght,  By  Vol. 

tometimes  aq.  Hjni.  oxj.         e^sIt.      Hyd.       oxy. 

from  o^vo.  1  or  1  eq.  +  8  or  1  eq.  s9       100         60 

J88.  Hydrogen  and  Oxygen^  Water, — When  two  volumes  of  hy- 

gen  gas  are  mixed  with  ooe  volume  of  oxygen  gas,  and  the  mix-  Union  with 

e  in^med  in  a  proper  apparatus  by  the  electric  spark,  the  gases  oimngns, 

illy  disappear,  and  the  interior  of  the  vessel  is  covered  with  drops  |[l|[|^rf** 

rare  water,  equal  in  weight  to  th&t  of  the  gases  consumed. 

199.  If  pure  water  be  exposed  to  the  action  of  Voltaic  electricity, 

s  resolved  into  two  volumes  of  hydrogen,  and  one  volume  of  oxy-  Decompooi- 

I,  so  that  water  is  thus  proved  by  synthesis  and  analysis,  to  con-tiooofwm- 

;  of  two  volumes  of  hydrogen  combined  with  one  volume  of  j^'' .^^  ^^^' 

rgen.  "^  ^' 

UK).  Cavendish  demonstrated  the  composition  of  water  by  burning 

rgen  and  hydrogen  gases  in  a  dry  glass  vessel ;  whea  a  quantity  ^  ^^^ 

pure  water  was  generated,  exactly  equal  in  weight  to  that  of  the  |)^ition. 

tea  which  had  disappeared.     This  experiment,  which  is  the  syn? 

tic  proof  of  the  composition  of  water,  was  afterwards  made  on  ^ 

ich  larger  scale  in  Paris  by  Vauquelin,  Fourcroy,  and  Seguin, 

voisier  first  demonstrated  its  nature  analytically . 

The  composition  of  water  by  weight  was  determined  with  great 

•  by  Berzelius  and  Dulong;  and  their  result  is  regarded  as  a  ^ 

inr  approximation  to  the  truth  than  that  of  any  of  their  predeces-  tioo^Sy*^' 

B.     They  state,  as  a  mean  of  thriee  curefql  experiments,*^  that  weight. 

)  parts  of  pure  water  consist  of  11.1  of  hydrogen  and  88.9  oxyr 

I,  which  is  the  ratio  of  1  to  8.009,  very  nearly  that  of  1  to  8  above 

led- 

101.  The  processes  for  procuring  hydrogen  gas  will  now  be  intelli- 

lie.    The  first  is  the  method  by  which  Lavoisier  made  the  analysis 

water.  It  is  founded  on  the  fact,  that  iron  at  a  red  heat  decomposes  J^^]^ 

ler,  the  oxygen  of  that  liquid  uniting  with  the  metal,  and  the  hy-  of  hydro- 

igeo  gas  wing  set  free.     The  hydrogen  which  is  evolved  when  K^"- 

c  or  iron  is  put  into  dilute  sulphuric  acid  must  be  derived  from 

( eame  source.     The  product  of  the  operation,  besides  hydrogen, 

Nilphate  of  the  protoxide  of  iron,  if  iron  is  used,  or  of  the  oxide  of 

(C,  when  zinc  is  employed.     The  knowledge  of  the  combining  pro- 

rlkms  of  these  substances  will  give  the  exact  quantity  of  each  pro- 

et    These  numbers 


Water  (8  oz^  ^  1  hyd 9 

Sulphuric  acid 40.1 

Iron  28 

Protoxide  of  iron  (28  iron  +  8  ozycen)  36 

Sulphate  ofthe  protoxide  of  iron  (40.1+36)  76.1 

for  every  9  grains  of  water  which  are  decomposed,  1  grain  of 
fdrogen  will  be  set  free  ;  8  grains  of  oxygen  will  unite  with  28 
AIDS  of  iron,  forming  36  of  the  protoxide  of  iron ;  and  the  36  grains 
f  protoxide  will  combine  with  40.1  grains  of  sulphuric  acid,  yielding 
S.1  of  sulphate  of  the  protoxide  of  iron.  A  similar  calculation  may 
e  employed  when  zinc  is  used,  merely  by  substituting  the  equiva- 

*  Ann.  de  OUm,  et  de  Phy$,  vol*  xr. 
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Hydrogen  and  Oxygen. 


Action  of 
zinCi  6&C. 


Chap  HI.  lent  of  zinc  (32.3)  for  that  of  iron.  According  to  Caveodish,  an 
ounce  of  zinc  yields  676  cubic  inches,  and  an  equal  quantity  of  iron 
782  cubic  inches  of  hydrogen  gas. 

402.  The  action  of  dilute  sulphuric  acid  on  metallic  zinc  affords  an 
instance  of  what  was  once  called  Disposing  Affinity.  Zinc  decom- 
poses pure  water  at  common  temperatures  with  extreme  slowness; 
but  as  soon  as  sulphuric  acid  is  added,  decomposition  of  the  water 
takes  place  rapidly,  though  the  acid  merely  unites  with  oxide  of  zinc. 
The  former  explanation  was,  that  the  affinity  of  the  acid  for  oxide  of 
zinc  disposed  the  metal  to  unite  with  oxygen,  and  thus  enabled  it  to 
decompose  water;  that  is,  the  oxide  of  zinc  was  supposed  to  prodnce 
an  effect  previous  to  its  existence.  The  obscurity  of  this  explanatioQ 
arises  from  regarding  changes  as  consecutive,  which  are  in  lealitr 
simultaneous.  There  is,  as  it  were,  but  one  chemical  change,  which 
consists  in  the  combination  at  one  and  the  same  moment  of  zinc  with 
oxygen,  and  of  oxide  of  zinc  with  the  acid  ;  and  this  change  ocean  be- 
cause theaa  two  affinities,  acting  together,  overcome  the  attraction  of 
oxygen  and  hydrogen  for  one  another.     T. 

403.  The  experiments  illustrating  the  composition  of  water  may 

be  divided  into  synthetic  and  analytic.     Among  these  the  following 

may  be  selected. 

Burn  a  current  of  hydrogen*  under  Fif  ISI. 
the  funnel  a,  (Fig.  131),  by  unitinjg 
with  the  oxygen  of  the  atmosphere  it 
will  produce  aqueous  vapour,  which 
passing  into  the  glass  cylinder  ft,  will 
condense  in  drops. 

Fi^.  132  represents  an  apparatus  (br 
showing  the  production  of  water  by 
burning  a  current  of  hydrogen  in  an  at- 
mosphere of  oxygen,    a  is  a  glass  cyl- 
inder, which,  aAer  having  been  exhaust- 
ed upon  an  air-pump,  is  filled  with  pure  oxygen,    ft  is  a  receiver  of 
hydrogen  immersed  in  the  vessel  of  water  c,  by  which  the  gas  is 
compressed,  so  as  to  be  urged  through  the  capillary  opening/,  when 
the  stop-cocks  d  d  are  open,    e  is  a  platinum  wire  by  which  tlie  f^ 
may  be  inflamed  by  an  electric  spark.    It  burns  with  the  production 
of  intense  heat,  and  water  is  soon  collected  in  drops  upon  the  inte- 
rior of  the  cylinder. 
If  two  measures  of  pure  hydrogen  bo  mixed  with  one  of  pure  oxy- 


Exp. 


Boms  with 
oxvffen  gas 
and  Tomis 
water, 


U>^n 


The  mix 
ture  ex- 
plodes. 

Exp. 


Exp. 


^n,  and  detonated  in  the  graduated  glass  tube  a,  (Fig.  10(>),  stand- 
u  1       _.  .  ,..         .  ..       .  ..         wires 

any 
^^^  ^  excess  oi  eiineroi  mo  Kascs,  me  poruon  in  excess  will 
^1   f  _     remain  unconsumed. 


ing  over  water,  by  an  electric  spark  passed  through  the  platinum  ? 
Fig.  Ian.  *  *»  ^hc  gases  will  entirely  disappear.  If  there  be 
■^^^    ^'    excess  of  either  of  the  gases,  the  portion  in  excess 


Water  a 
compound 
of  the  bases 
of  the 
gases. 


S        The  same  experiment  may  be  thus  varied :   Fig.  133    ^^       ^^ 
^^^  ii  a  very  strong  glass  vessel,  capable  of  holding  about  ImIT  a  pal 

i(  *tlfr^  ^"^  furnished  (lK»sides  the  proper  contrivance  at  top  (or  taking  iki 
r/'n\^^  electric  spark  in  it;  witli  a  brass  cap  and  cock,  by  means  of  wbick  it 
^^  -^  can  be  screwed  to  the  transfer  plate  of  an  air  pump.  When  •zlMDrt* 
ed,  it  may  be  filled  with  a  mixture  of  oxygen  and  hydrofen  prnt^ 
in  the  proportion  of  one  measure  of  the  former  to  two  oftbe  mi^t 
and  an  electric  spark  may  be;  passed  through  the  mixture.  Atbu  ikt 
explosion,  when  time  has  been  given  to  the  vessel  to  cool,  ateaablt 
quantity  of  moisture  will  have  condensed  on  Uie  inner  nirftca  if 
the  vessel,  and  by  repeating  the  operation  frequently,  a  niffideit 
quantity  of  fluid  may  be  collected  to  show  that  water  h  the  ooff 
product. 

404.  The  water  produced  in  this  mode,  is  not,  however, 
to  be  considered  as  a  compound  of  the  two  gases,  bat 
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iheir  bases,  for  the  light  and  caloric,  which  coDstitute  the    Ski,  n. 

icape,  in  considerable  part  during  the  combustion.     Every 

lust  be  remembered,  has  at  least  two  ingredients  ;  the  one, 

ng  matter,  which,  if  separated,  would  probably  exist  in  a 

liquid  form  ;  the  other,  an  extremely  subtile  fluid,  termed 

nd  perhaps  electricity  and  light.     The  compound,  water,  is 

t  said  to  be  composed  of  hydrogen  and  oxygen,  the  btms  of 

s,  and  not  of  the  hydrogen  and  oxygen  gases. 

iVater  may  be  decomposed  or  resolved  into  its  elements  by  Analjus  of 

f  of  processes,  the  most  important  of  which  are  the  fof-  ^^^^''' 


Fig.  134. 


By  iron, 


I,  a,  is  a  glau  retort, 
h  it  introduced  a 
|lit  of  water;  66,  a 
ace  through  which 

earthen,  or  iron, 
rhich  tenninutes  in 

pewter  tube  d  d, 
in  water.  A  given 
pure  iron  coiled  up, 
"ed  into  the  tube  c, 
tiole  made  red-hot ; 
in  «  it  then  made  to  boil,  and  the  vapour,  on  coining  into  contact  with 
t  iron,  ii)  in  part  docompoted  ;  the  oxygen  it  retained  by  the  iron,  and 
{un  escaping  through  the  tube  /,  may  bo  collected  at  utual.  Any  un- 
id  portion  of  water  it  condentcd  in  the  worm  pipe  d,  and  dropt  into 
•• 

;bis  experiment  the  iron  will  be  found  to  have  increased  in 
and  if  attention  be  paid  to  the  quantity  of  water  which  has 
in  e,  and  to  the  weight  of  the  hydrogen  gas  evolved,  it  will 
that  the  weight  gained  by  the  iron,  added  to  that  of  the  by- 
vill  be  equal  to  the  weight  of  the  water  which  has  disap* 

The  processes,  by  which  the  elementary  parts  of  water  are 

I  from  each  other,  and  are  both  obtained  in  an  aeriform 

a  mixture  of  hydrogen  and  oxygen  gases,  are  dependent  on 

:y  of  electricity. 

rst  of  these  experiments  requires  for  its  performance  the  aid  Byelectri- 

erful  electrical  machine.     This  fact  was  the  discovery  of  n  ^"yi 

r  Dutch  chemists  ;  and  the  principal  circumstance  in  theex- 

I  is  the  transmission  of  electrical  shocks  through  a  confined 

r  water.     If  these  shocks  be  sufficiently  strong,  bubbles  of 

e  formed  at  each  explosion,  and  the  mixed  gases  being  ex- 

le  water  will  rise  again  in  the  tube,  a  very  small  quantity 

maining.     In  this  experiment  we  may  safely  infer,  that  the 

lydrogen  and  oxygen  gases  arise  from  decomposed  water. 

.he  decomposition  of  water  by  galvanic  electricity  is  a  pro-  By  voltaic 


^larly  adapted  to  demonstrate  the  fact  in 

and  elegant  manner,  since  il  exhibits  both 

•n  and  hydrogen  in  the  gaseous  form. 

repretentt  a  section  of  an  apparatus  for  this  pur- 
I  a  glaat  vcmel  containing  water,  having  two  wires 
I  pastina  through  its  bottom :  over  thete  are  invert- 
s,  also  filled  with  water.  The  wirps  are  connected 
idsfaiely  |>owerful  Voltaic  apparatut.  Oxygen  is 
tiM  positive  wire,  and  hydrogen  at  the  nagative 
h  gasas  rise  into  the  tubes,  and  it  is  seen  that  one 


electricity, 
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Brlmng        408.  Another  mode  of  effecting  the  decompositioo  of  water,  iahj 
Tcgaiabln.  ihe  sclioQ  of  living  vegetables,  either  eotire  or  by  means  of  then 
leaves  only. 

Fill  II  clekr  glais  globe  with  wster,  and  pul  into  it  a  namber  of  gnwil  bnw 
fVom  almosl  Bii;r  tree  or  plant.  A  eF^g  or  iwo  of  mini  will  aniwar  lb*  patpm 
perfectly  well.  Invert  the  glau,  or  jilace  il,  wilh  iti  moulh  doHnwinli,  ua 
veesel  of  water.  Eipoto  ibe  nbole  apparalui  to  the  direct  light  of  tba  ma, 
which  will  then  fall  on  the  leaves  lurrounded  bj  water.  Bubble!  of  air  will  ■»■ 
begin  lo  funo  oo  ihe  leaTea,  and  will  increaw  id  lize,  till  it  Itil  tbej  lua  ta  ika 
Up  of  Ibe  venel.  Thii  procen  may  be  curied  on  u  long  a*  the  vogalaUa  ett- 
tinuee  heillby  ;  and  tba  ga*,  whan  eiamined,  will  prove  lo  be  oxjgno  (BB. 

In  this  experimenl,  the  hydrogen  combines  with  the  plant  to  iLa 
nourishment  and  support  of  which  it  contributes,  while  theo^rgeait 
set  Bt  liberty.  H.  1-253. 
ImpariticB  ^^^-  Wxer,  in  its  ordinary  slate,  such  as  spring  and  riTcr  mm 
of  water,  is  always'H  far  contatninated  with  foreign  substances  as  to  be  aafit 
for  any  chemical  purposes,  and  frequently  as  will  be  more  folly 
shown  bereal\er,  even  for  domestic  use.  Rain  water  la  baach  mon 
pure,  but  it  always  contains  a  portion  of  carbonic  acid  and  of  the 
elements  of  atmospheric  sir,  besides  appreciable  traces  of  regelaUt 
or  animal  matter  ;*  to  the  latter  it  owes  its  properly  of  becomiitfni* 
Irid  when  kept.  The  distinction  of  water  into  bard  and  soft  bm 
reference  to  its  less  or  greater  purity.  The  impurities  of  waief  «t 
partially  separated  by  diatillation.f 

410.  DutiUtd  Water,  as  commonly  prepared,  always  affordt  Bih* 

nute  traces  of  foreign  matter,  especially  when  subjected  to  Volkie 

decomposition,  andean   only  be  considered  as  perfectly  pure  wboi 

re- distil  led  at  a  low  temperature  in  silver  vetsels. 

p,gp,^fiH,       411.  Pure  water  is  transparent,  and  without  either  colour,  taateoc 

smell.     In  consequence  of  the  facility  of  obtaining  it  pure,  it  is  a» 

sumed  as  a  standard  to  which  the  relative  weight  of  all  other  bodies 

Standard  of  "'^^y  be  compared,  its  specific  gravity  being  called  =  1,000,  asd 

tpeciSa       hence  the  importance  of  estimating  its  weight  with  precision.    At 

(n^i'T-       the  temperature  ol  63°  P.,  barom.  ^,  a  cubic  inch  of  distilled  wai* 

■  ■      ns.t 


»  or  ornL — -  ^- 

n  of  a  nnicolar  claai  of 
sd  pyrrhine 


There  I*  rndenee 


t  Thii  procen  ii  moallf  eondncted  nooa 
large  icale  in  a  copper  bailer,  {Fig.  IX,}  plaeci 
iher  in  a  pnnable  hunace,  or  lal  -  ■  -  ' 


upheric  water,  hai  been  aacribed  bf  Kb- 
irnunis,  aDdlolhetn  Ihi  piiaanianf  r^. 


JD  brickwork,  ae- 

, _. ,  _]  which  i>  umexed  ■ 

h«ad  6.  of  the  mum  material,  or  of  pewter,  connect 
ed  wilt)  a  tpirel  tube  or  wonn,  which  ii  inunenei) 
in  the  worm-lob,  or  refrigerator  d,  iti  lower  end 
paMiDg  ant.  The  water  in  the  worm-tnb  muit  al 
wajn  tic  relaioed  of  a  low  lemperainre  la  efiectiha 
caodenuiiaD  of  the  vapour  in  the  apiral  tube. 

t  Accordiej  to  the  parliamenlarr  ilindard  at  QiMt  Britam,  the  piat  af  «aMt<Mt 
■iaia  ol  BTSO  graina  of  water  al  ta"  F.  barometer  at  30  incbaa,  and  tba  cnbic  iact* 
■"—■-I,    The  gaUfmcaalaiH  877,174  cub] 
It  M,(UU  iDGbea,  at  arM  fiaiaa- 


Water — abiorbif^  power  of.  1 33 

I  At  the  temperature  of  32^  water  conffeais  into  ice,  which,  if    Stct.ii« 

y  formed,  produces  needles  crossing  each  other  at  angles  of  W*  loe. 

120^.     The  specific  gravity  of  ice  is  0,94.     Exposed  to  the 

e  loses  considerably  in  weight  by  evaporation. 

\.  Water  is  susceptible  of  compression,  as  was  originally  shown  Compresai- 

inton,  and  more  lately  by  Perkins,  who  has  estimated,  in  an  ble. 

ious  series  of  experiments,  the  rate  of  its  compression.*     If 

itted  to  very  sudden  compression,  water  becomes  luminous,  as 

«en  shown  by  Desaignes.t     According  to  Desprotz  the  com- 

on  of  water  by  a  force  equal  to  20  atmospheres,  causes  the 

tion  of  ^th  part  of  a  degree  of  heat. 

L  Water  enters  into  combination  with  a  variety  of  substances.  State  of 

I  retained  with  various  degrees  of  force.     Sometimes  it  is  con-  ^J^"**' 

I  in  a  variable  ratio,  as  in  ordinary  solution ;  in  other  com- 

Is  it  is  present  in  a  fixed  definite  proportion,  as  in  its  union 

leveral  of  the  acids,  the  alkalies,  and  all  salts  that  contain  water 

stallization.     These  combinations  have  been  termed  kydrates,    Hydratee. 

k  Water,  which  has  been  exposed  to  the  atmosphere,  always  water  coq- 

ns  a  portion  of  air,  as  may  be  proved  by  boiling  it,  or  by  ex-  uuaa  air. 

1^  it  under  the  exhausted  receiver  of  the  air-pomp.     To  sepa- 

!ie  air,  the  water  must  be  boiled  for  about  two  hours.  It  absorbs 

ID  gas  in  preference  to  atmospheric  air  or  nitrogen,  and  when 

r  is  expelled  by  boiling,  the  last  portions  contain  more  oxygen 

bote  first  given  off.t 

L  Every  gas  is  absorbed  by  water,  which  has  been  deprived  of  Abaorption 

the  greatest  part  of  its  air  by  long  boiling.     The  quantity,  of  gasea  by 
ner,  which  water  is  capable  of  absorbing,  varies  considerably  ^***'' 
"espect  to  the  diflferent  gases.     Those  gases,  of  which  only  a 
proportion  is  absorbed,  require  violent  and  long  continued  agi- 

in  contact  with  water.  H.  i.2£3.  In  the  common  process  of 
Gicturing  soda-water  a  large  quantity  of  carbonic  acid  ^as  is 
led  by  the  water,  and  an  additional  portion  is  mechanically 
I  with  it  by  powerful  compression.^ 

3.  Tnm,  1320.  tThenard,  TraiUdt  Chimit,  i.  432. 

■boldt  and  Qay-Loaaac,  Jour,  de  PAye.  1805. 

I  Iblh^wing  table  from  Henry's  ChemUtry  abowa  tbe  abaorbability  of  dtfiereot 

y  water  deprived  of  all  its  air  by  ebullition. 

obie  iochea  of  aoch  water,  at  tbe  mean  temperatore  and  presaure,  abaorb  of 


Daltoa  and  Henry. 

SauMura. 

Solpharetted  hydro^n 
Carbonic  acid     - 

100     cabic 
100         " 

incbes 

253 
166 

Nitrona  oxide     - 

100        •* 

II    . 

76 

Olcfiant  gaa 

12,5   .  " 

u     . 

15,3 

Oxygen      -       -       - 

3,r     « 

«'    . 

6,5 

Carbonic  oxide  • 

M6    «* 

««     - 

6.2 

Nitrogen    - 

1,56    " 

II 

4,1 

Hydrogen 

1^6    " 

II 

• 

4.6 

te  of  Sanaanre  is  in  general  too  higb.    Tbat  of  Dalton  and  Henry  for  ni- 
k  considerably  beyond  the  truth,  according  to  tbe  experimenta  of  Dary.  T. 
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JWtro^en, 


Cbap.  in. 


Propertiei. 


Action  of 
metals, 


Um. 


Discovery. 


How  ob- 
tained. 


Binoxide  or  Peroxide  of  Hydrogen, 

Com  position. 

By  WgfU.  By  Vol, 

Ckem.  Symb.     Hyd.  Oxy.  Eqiriv.    Hyd.       Oxy.       S^-  Or, 

H-f20,orU         1  or  1  eq.-f  16or2eq.  s  17        lUO         100  1.462. 

Discovered  by  Theuard,  in  the  year  1818. 

There  are  two  oxides  of  barium  ;  when  the  peroxide  of  ihit 
metal  in  put  iuto  a  dilute  acid,  oxygen  gas  is  set  at  liberty,  and  tba 
peroxide  is  converted  into  protoxide  of  barium  or  baryta,  which  con- 
bines  with  the  acid.  The  oxygen  which  is  set  free,  unites  with  the 
hydrogen  of  the  water,  and  brings  it  to  a  maximum  of  oxidatioii.* 

417.  The  peroxide  of  hydrogen  is  a  colourless  transparent  liqaid 
without  odour.  It  acts  as  a  caustic  upon  the  skin,  thickens  the  sali- 
va, and  tastes  like  certain  metallic  solutions.  It  destroys  the  coioar 
of  litmus  and  turmeric  paper.  It  continues  liquid  at  all  degrees  of 
cold  to  which  it  has  hitherto  been  exposed. 

At  the  temperature  of  59°  F.  it  is  decomposed,  being  converted 
into  water  and  oxygen  gas.  It  efiervesces  from  the  escape  of  oxy- 
gen at  59°  F.  and  the  sudden  application  of  a  higher  tempermtnnb 
as  of  212°  F.  gives  rise  to  such  a  rapid  evolution  of  gas  as  to  cause 
an  explosion.  All  the  metals  except  iron,  tin,  antimony  and  tellari- 
um,  have  a  tendency  to  decompose  it,  converting  it  into  oxygen  and 
water  ;  especially  when  the  metals  have  been  previously  reduced  to 
a  state  of  minute  division.  The  metals  which  have  a  strong  affiniiy 
for  oxygen  are  at  the  same  time  oxidized. 

418.  It  has  been  employed  to  remove  the  black  spots  that  paint- 
ings acquire  from  the  conversion  of  carbonate  of  lead  into  salpkun^ 
It  converts  the  black  sulphuret  into  white  sulphate  of  lead. 


Symb. 


/^ 


Section  III.     Nitrogen. 

Sp.  Or.  EquiU*  . 

0.9727  air   =  1  By  Vol.    100 

14.16    Hyd.sl  "  Wght.  U.1S 

419.  This  was  first  recognised  as  a  distinct  aeriform  fluid  bf 
Rutherford,  in  1772.  It  may  be  obtained  by  heating  phospborosio 
a  confined  portion  of  dry  air,  which  consists  of  nitrogen  and  oxygen; 
the  phosphorus  absorbs  the  latter,  and  the  former  gas  remains. 

Pbotphorus  is  placed  in  a  amall  metallic  cup,  supported  on  Fig.  137. 

a  stand  on  the  shelf  of  the  pneumatic  trough,  ana  covered 
with  a  bell  glass  the  moment  the  phosphorus  is  kindled. 
Eight  or  ten  grains  of  phosphorus  may  be  taken  for  every 
100  cubic  inches  of  air ;  and  the  cup  containing  the  phos- 
phorus mutt  be  raised  to  a  proper  height,  as  the  water  rises 
afterwards  in  the  jar  to  supply  the  place  of  the  oxygen  re- 
moved ;  after  repeated  wasnmg  with  a  solution  of  potassa, 

it  may  be  considered  as  pure.    Or  by  inverting  a  jar  full  of  

common  air  over  a  mixture  of  e^uaf  weights  of  iron  filings  and  tulphur 
into  a  paste  with  water.    But  this  process  requires  much  time. 

A  quicker  process  consists  in  filling  a  bottle,  about  one  fourth,  with  a  solatiM 
of  binoxide  or  nitrogen,  in  liquid  protosulphate  of  iron,  or  with  liqaid  snlpliv- 

*  Prom  the  complicated  nsture  of  the  process  it  is  not  likely  to  be  the  sabjcelif 
experiment  with  tne  (>e8inner.  For  details  consult  the  original  memoir  of  TbcMrf 
Ann.  fU  Chim,  el  de  Pnyt,  vol.  viii.  ix.  x. ;  Ann.  of  PhUot.  vol.  xtii.  and  xiv. ;  Tlt- 
nard's  TraiU  de  Chim.  and  Tumer*f  Elem.  163. 


Properlt«t,  ^e. 


18S 


if  cakium,  uid  agitatinff  it  with  the  air,  which  fills  the  reat  of  the  bottle.  Stcu  in. 
ring  the  agitation,  the  thumb  mutt  be  firmly  placed  over  the  mouth  of  the 
Je ;  and,  when  removed,  the  mouth  of  the  bottle  must  be  immersed  in  a  cup 
of  the  same  solution,  which  will  supply  the  place  of  the  absorbed  air.  The 
ation  and  admission  of  fluid  must  be  renewed,  alternately,  as  long  as  any 
srption  takes  place. 

Nitrogen  mixed  with  carbonic  acid,  may  be  procured  from  the  other  pro- 
n  part  of  flesh  meat,  which  may  be  put  into  a  gas  bottle,  along  cesses. 
:h  very  dilute  nitric  acid.     By  a  heat  of  about  100^,  the  gas  is 
engaged,  and  may  be  collected  over  water.    Its  source  is  the  ani- 
1  sabstance.*" 

20.  One  of  the  easiest  methods  of  preparing  nitrogen,  is  to  pass  a  current  of 
orine  gas  through  liquid  ammonia  ;  the  ammonia  is  decomposed,  hydrochlor- 
■id  ie  formed  m>m  the  union  of  the  chlorine  and  the  hydrogen  of  the  am- 
fum^  and  its  nitrogen  liberated.  The  arrangement  of  the  apparatus  is  shown 
dw  cut  annexed.!    Emmett  has  described  another  process,  which  consists  in 

Fig.  138. 


iag  nitrate  of  ammonia  in  a  retort  with  fi'agments  of  zinc.  The  metal  de- 
■poaee the  nitric  acid  of  the  salt,  and  nitrogen  and  ammonia  are  given  off; 
mm  collected  over  water,  the  latter  gas  is  absorbed.  The  emission  of  the  caa 
1  ba  regulated  by  usinc  a  small  cylinder  of  zinc  attached  to  a  rod  passing 
ongh  the  tubulure  of  the  retort,  which  can  be  raised  or  depressed  into  the 
edaalU 

421.  This  gas  is  fatal  to  animal  life  and  was,  on  this  account, 
nied  by  Lavoisier  AMote  or  Azotic  gas,  derived  from  the  Greek 
ivmtive  o  and  ZtaH^  life.  This  being  but  a  negative  property,  the 
m  uitrogeo  has  been  substituted,  because  one  of  the  most  impor- 
it  properties  of  its  base  is,  that  by  union  with  oxygen,  it  composes 
trie  acid.  It  is  not  inflammable ;  and  a  lighted  taper  is  extin- 
lUhed  by  it.  Even  phosphorus  in  a  state  of  active  inflamma- 
« is  instantly  extinguished  by  it. 

482.  When  mixed  with  pure  oxygen  gas,  in  the  proportion  of  four 
WIS  to  one  of  the  latter,  it  composes  a  mixture  resembling  atmos- 
aeric  air  in  all  its  properties,  and  in  which  a  taper  will  burn. 
^  hundred  cubic  inches  weigh  30.1650  grains.    T. 

423.  That  nitrogen  is  not  an  element,  but  itself  a  compound,  has 
sen  long  suspected,  and  various  attempts  have  been  made  to  dis- 
o?er  its  ingredients.  Berzelius  has  inferred  that  nitrogen  is  com- 
nooded  of  oxygen  and  an  unknown  base.  This  base,  however,  is 
nrely  hvpothetical ;  and  has  never  yet  been  exhibited  in  a  separate 
Kite.     Berzelius  has  proposed  for  it  the  name  of  nitricum, 

424.  Nitrogen  and  dxygen. — When   nitrogen  and  oxygen  gases 

^h  sppears  from  the  remarks  of  Daubeoy,  that  nitrogen  gas  is  given  off  from  many 
l^MMal  sprioga. — Report  on  mineral  ana  thermal  waters  in  vol.  v.  of  JRq».  Brit- 


Derivation 
of  axote. 


Composi- 
tion  of  ni- 
trogen. 


t  Johasoa>s  report  ia  JRep.  Brit.  Auoe,  1331-2.  466. 
!A*y.  iniHi.  Jour.  I  384. 


General 
view  of  the 
compounds 
of  nitrogen 
and  oxy- 
gen. 
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Nitrogen  and  Oxygen. 


AtiDO«phe« 
lie  air. 


Weight. 


Chap.  iiL  are  mingled  together,  no  combination  ensues.  The  result  is  a  sim- 
ple mixture  of  the  two  gases,  which  do  not,  like  inelastic  fluidst 
separate  on  standing,  but  remain  diffused  through  each  other  for  to 
indefinite  length  of  time.  When,  however,  either  one  or  both  (tf 
these  elements  is  in  a  condensed  state,  they  unite  and  form  com- 
pounds, distinguished  by  very  striking  properties.  According  to  the 
proportions  in  which  the  oxygen  and  nitrogen  exist  in  these  com* 
pounds,  their  qualities  undergo  a  remarkable  variation  ;  so  that  fron 
two  elementary  bodies,  variously  united,  we  h^ve  several  compoandii 
totally  unlike  each  other  in  external  qualities,  as  well  as  iq  thdr 
chemical  relations. 

425.  Nitrogen  and  oxygen  are  the  two  most  important  coostitn* 
ents  of  the  atmosphere  ;  the  thin,  transparent  and  elastic  fluid  whkk 
surrounds  our  planet. 

426.  The  atmosphere  reaches  to  a  considerable  height,  probsUy 
about  45  miles.'*^  It  may  be  diminished  in  volume  to  a  great  extent 
by  compression. 

That  air  is  a  ponderous  body,  was  first  suspected  by  QwHim, 
who  found  that  a  copper  ball,  in  which  the  air  had  been  condensed, 
weighed  heavier  than  when  the  air  was  in  its  ordinary  state  of  ten- 
sion. The  fact  was  afterwards  demonstrated  by  ToricellL 
Barometer.  .  In  1643,  he  filled  a  glass  tube,  three  feet  long,  and  closed  at  one 
end  with  quicksilver,  and  inverted  it  in  a  basin  of  the  same  floid; 
be  found  that  the  mercury  fell  about  six  inches,  so  that  the  atmot* 
phere  appeared  capable  of  counterbalancing  a  column  of  meicnij 
30  inches  in  height.  The  empty  space,  in  the  upper  part  of  the 
tube,  has  hence  been  called  the  Torricellian  vacuumf  and  is  the 
most  perfect  that  can  be  formed. 

Paschal  and  Toricelli  afterwards  observed,  that  upon  ascending  • 
mountain,  the  quicksilver  fell  in  the  tube,  because  there  was  less  sir 
above  to  press  upon  the  surface  of  the  metal  in  the  basin ;  and  tboi 
a  method  of  measuring  the  heights  of  mountains  by  the  bartmutir, 
as  the  instrument  is  now  called,  was  devised. 

427.  The  barometer  indicates,  by  its  rise  and  fall,  a  correspoadiiy 
change  in  the  density  of  the  atmosphere.t  At  the  surface  of  the 
earth,  the  mean  density  or  pressure  is  considered  equal  to  the  sup- 
port of  a  column  of  quicksilver  30  inches  high.} 

*  See  WollasUm  "  on  the  Flnile  Extent  qf  the  Atmotphert^'^'-^Bott.  Jomr.  I.  IS. 

t  From  causes  at  present  not  understood,  the  pressure  Tariea  at  tha  asa 
On  this  depend  the  indications  of  the  barometer  as  a  weather-glasa  \  tba  wi 
commonly  fair  and  calm  when  the  barometer  is  high,  and  osoallf  wet  aid 
when  the  mercury  falls. 

Inehet. 

I  At  1 000  feet  above  the  surface  the  column  falls  to  28,91 
2000  ....         27,8* 


Density  oi 
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phere  indi 
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chontet,  page  351 
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Eudiameiry.  1^7 

• 

'he  general  mechanical  properties  of  the  air  are  best  illus-   Steuiii. 

the  air  pump j^  the  construction  of  which  much  resembles  Air-pamp. 

e  common  pump  used  for  raising  water,  excepting  that  all 

are  more  accurately  and  nicely  made,  the  object  being  to 

le  air  as  completely  and  expeditiously  as  possible.! 

'he  specific  gravity  of  atmospheric  air,  at  mean  temper-  Spediie 

pressure,  that  is,  the  thermometer  being  at  60^,  and  the  S^Titf. 
'  at  30  inches,  is,  usually  considered  as  =  1.     It  is  about 

as  light  as  its  bulk  of  water,  100  cubical  inches  weighing 
^ns. 

tmospheric  air  has  already  been  stated  to  consist  essen- 
ixygen  and  nitrogen  gases :  whether  it  should  be  consider- 
\  mixture  or  a  chemical  compound,  is  a  question  which  has 
^h  discussed. t     The  oxygen  seems  to  oe  the  only  ingre-  Chemical 
vhich  the  effects  of  the  air,  as  a  chemical  agent,  depend.  jSSmf^ 
»mbustible  bodies  burn  in  atmospheric  air,  only  in  conse-  oxygto. 

the  oxygen  gas  which  it  contains ;  and  when   this  is  ex- 
air  is  no  longer  capable  of  supporting  combustion.     Its 
B  satisfactorily  demonstrated  by  the  action  of  heated  mer- 
the  process  is  tedious.^     By  exposure,  during  12  days  to  LavoU ier*t 
leated  in  a  retort,  a  given  quantity  of  atmospheric  air  was  ^xperi- 
«  diminished  in  bulk,  and  to  have  lost  its  property  of  sup-  °^°^' 
•mbustion.     The  mercury  was  changed  into  red  scaly  par- 
I  it  had  acquired  an  increase  of  weight.    When  these  red 
irere  submitted  to  heat,  in  a  retort,  oxygen  gas  was  evolved 
nilk  to  what  the  air  had  lost  in  the  first  part  of  the  experi- 

here  are  various  ways  of  learning  the  proportion   which 

n  bears  to  the  nitrogen ;  and  as  the  relative  fitness  of  the 

athing  has  sometimes  been  considered  as  depending  upon 

ty  of  oxygen  contained  in  a  given  volume,  the  instruments 

ese  experiments  have  been  called  eudiometers.  Endiomt- 

rom  facts  already  stated  it  is  obviouS|  that  if  atmospheric  try- 

with  a  certain  quantity  of  hydrogen,  be  detonated  hy  the 
ark,  the  absorption  will  be  proportionate  to  the  quantity  of 
esent 

100  measures  of  pure  hydrogen  are  mixed  with  100  of 
en,  the  diminution  of  bulk  after  detonation  will  amount  to 
that  is,  one  volume  of  oxygen  requires  for  its  saturation 
drogen.    If  we  introduce  into  the  graduated  detonating 

106)  300  measures  of  common  air,  and  200  of  pure  hy- 
lere  will  remain,  after  detonation.  305  measures ;  so  that 
ires  will  have  disappeared,  of  which  one  third  may  be  es- 
t  pure  oxygen  ;  hence  300  parts  of  air  have  thus  lost  65  of 
r  about  21  per  cent. 

be  general  rule,  therefore,  for  estimating  the  purity  of  air  General 
len  gas  may  be  stated  as  follows : — Add  to  3  measures  of  ">!«• 
der  examination  2  measures  of  pure  hydrogen  ;  detonate ; 


Fnmtitpiece.  t  See  statement  in  Turner,  171. 

Camb.  Meehamct,  page  403.       9  See  Lavoitier'a  ElenunU,  chap.  iii. 
18 
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Chap.  Ill,  and,  when  the  vessel  has  cooled,  observe  the  absorption ;  divide  its 
amount  by  3,  and  the  quotient  is  the  quantity  of  oxygen. 

434.  Upon  the  same  principle,  detonation  of  mixtures  of  oxygen 
Purity  of  ^^d  hydrogen  is  often  resorted  to,  with  a  view  of  ascertaining  the 
atcertom^  purity  of  those  gases. 

^'  To  ascertain  the  purity  of  hydrogen,  it  may  be  detonated  with 

excess  of  pure  oxygen. 

Thui,  if  we  add  100  of  puro  oxygen  to  100  of  hydrogen,  and  detontte,  tiiere 
will  be  a  diminution  equal  to  two  thirds,  or  150  parts  if  the  hydrogen  be  pan^ 
If,  however,  we  suppose  100  of  pure  oxygen,  mixed  with  100  of  faydro|nn,to 

Eroduce,  afler  detonation,  a  residue  of  bO  measures,  the  diminution  will  tbca 
ave  been  only  120  measures,  of  which  two  thirds,  or  80  measures,  are  hydfo* 
gen ;  so  that  the  inflammable  gas  will  have  contained  20  per  cent,  of  mmm 
other  gaseous  body,  not  condenuJ>le  by  detonation  with  hydrogen.* 

435.  This  mode  of  ascertaining  the  purity  of  atmospheric  air 
^X*v*V    ^^^  ^^^^  resorted  to  by  Volta,  and  it  is  susceptible  of  great  accnra- 

^  ^^  cy,  since  pure  hydrogen  and  pure  oxygen  are  easily  procured.! 


*  For  a  partioular  description  of  sereral  points  in  eudiometry,  see  Fandaf^ 
Manip.  sect.  xvii.  paragraph  919,  &c. 

t  In  the  eudiometer  of  Ure,  the  atmospheric  air,  the  most  elastic  and  eccHwaucdaf 
Urt's  MiioiM.  all  springs,  is  employed  to  receive  and  deaden  the  recoil.  This  eudiometer  cuaiini 
^'  of  %  glass  syphon  (Fig.  139),  having  an  interior  diameter  of  from  2-lOtbs  to  4-IOlki 

of  an  inch.  Its  legs  are  of  nearly  eaual  length,  each  being  from  six  to  nine  inctei 
long.  The  open  extremity  is  slightly  funncl-maped,  the  other  hermetically  tctkd; 
and  has  inserted  near  it,  by  the  blow-pipe,  two  platinum  wires. 
The  outer  end  of  the  one  wire  is  incurvated  across,  so  as  nearly 
to  touch  the  edse  of  the  aperture ;  that  of  the  other  is  lormed 
into  a  little  hook,  to  allow  a  6maU  spherical  button  to  be  at- 
tached to  it  when  the  electrical  spark  is  to  he  transmitted.  The 
two  legs  of  the  syphon  are  from  one-fourth  to  one-half  inch  as- 
under. The  sealed  leg  is  graduated  by  introducing  successive- 
ly equal  weights  of  mercury  from  a  measure  glass  tube.  Sev- 
en ounces  troy  and  66  grains,  occupy  the  space  of  a  cubic  inch  ; 

and  34  1-4  grains  repre&ont  j^  part  of  that  volume.    The 
other  leg  may  l)e  graduated  also,  though  this  is  not  necessary. 

To  use  this  instrument,  we  first  fill  the  whole  syphon  with  mercury  or  water ;  the 
open  leg  is  then  plunged  into  a  pneumatic  trough,  and  any  convenient  quantity  of  lbs 
gases  is  introduced  from  a  glass  measure  tube  containing  them  in  determinate  ps* 
portions.    Applying  the  finecr  to  the  orifice  we  next  remove  it  from  the  trough,  lin  • 
simple  tube,  and  By  a  little  dexterity  transfer  the  gas  into  the  sealed  leg  or  the  Wh 
phon.     When  we  conceive  enough  has  been  passed  up,  the  finger  is  removed  and  tfei 
mercury  bmuKht  to  a  level  in  both  legs,  either  by  the  addition  of  a  few  dropa,  or  Iff 
the  displaccntent  of  a  portion,  by  thrusting  down  into  it  a  small  cylinder  of  woao. 
We  now  ascertain,  by  careful  inspection,  the  volume  of  included  gas.    Applyiaglfet 
forefinger  again  to  the  orifice,  so  as  also  to  touch  the  end  of  the  platinam  wirs^vs 
then  approach  the  ball  to  the  electrical  machine,  and  transmit  a  spark,  bat  a  sUik 
push  or  pressure  on  the  tip  of  the  finger  is  felt,  even  when  the  gai  is  in  conddnaw 
quantity  and  of  a  strongly  explosive  power<    After  explosion  on  ^radoally  abiii| 
the  finger  to  one  side  and  admitting  the  air,  the  mercurial  column  m  the  sealed  % 
will  rise  more  or  less  al>ove  that  in  the  other.    The  equilibrium  is  then  rettond  bjr 
adding  mercury,  when  we  read  ofi*,  without  any  reduction,  the  true  retnlUog  volat 
of  gas.    As  two  inches  or  more  of  air  should  always  be  left  between  the  witer  9ai 
the  mercury,  this  atmospheric  column  serves  as  a  perfect  recoil  spring,  enaUiaf  ■ 
to  explode  very  large  quantities  without  danger. 

We  may  analyze  the  residual  gaseous  matter,  by  introducing,  either  a  liquid  er  wM 
re-agent.    We  first  fill  the  open  leg  nearly  to  the  brim  with  quicksilver,  and  tki 

{)lace  over  it  the  sulwtance  whose  action  on  the  sas  we  wish  to  try.  If  liqnid,  \\Wtl 
>e  passed  round  into  the  sealed  leg  among  tne  gas;  but  if  solid  the  gas  mafl k* 
brought  round  into  the  open  leg,  its  orifice  haviuf^  l)een  previously  closed  with  •  oodi 
or  stopper.  After  a  proper  interval  the  gas  having  lieen  transferred  hack  ioto  tki 
graduate<i  tube,  the  change  of  its  volume  may  Ite  accurately  determined.— Ura*s  Ai 
AAQ^Edin.  Phil.  Trant.  1818.— See,  also,  Faraday,  p.  434.  Several  new  todki^ 
ters  have  been  described  by  Hare,  in  the  Amcr.  Jour,  qf  Set.  vols.  ii.  and  x* 
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436.  Instead  of  electricity,  spongy  platinum  may  be  employed  for  Saci-  iii. 
causing  the  union  of  oxygen  and  hydrogen  gases  ;  and  while  its  in-  Apalysit 
dications  are  very  precise,  it  has  the  advantage  of  producing  the  ef-  ^^**  P^*^i" 
feet  gradually  and  without  detonation.    The  most  convenient  mode       ' 

of  employing  it  with  this  intention  is  the  following : 

A  miiturc  of  spongy  platinum  and  uipe-clay,  in  tho  proportion  of  about  Process, 
three  parts  of  the  former  to  one  of  the  latter,  is  made  into  a  paste  with  water, 
and  then  rolled  between  the  fingers  into  a  globular  form,  in  order  to  pre- 
fwrve  the  sponnr  texture  of  the  platinum,  a  little  hydrochlorate  of  ammonia 
is  mixed  with  the  paste ;  and  when  the  biill  has  become  dry,  it  is  cautiousW 
igaited  at  tlie  flame  of  a  spirit-lamp.  The  sal  ammoniac,  escaping  from  all 
paru  of  tho  mass,  gives  it  a  degree  of  porosity  which  is  peculiarly  favourable 
to  its  action.  Tho  ball,  thus  prepared,  should  be  protected  from  dust,  and  be 
heated  to  redness  just  before  being  used. 

To  insure  accuracy,  the  hydrogen  employed  should  be  kept  over 
mercury  for  a  few  hours  in  contact  with  a  platinum  ball  and  a  piece 
of  caustic  potassa.  The  first  deprives  it  of  traces  of  oxygen  which 
it  commonly  contains,  and  the  second  of  moisture  and  hydrosulphu- 
ric  acid.  The  analysis  must  be  performed  in  a  mercurial  trough. 
The  time  required  for  completely  removing  the  oxygen  depends  on 
the  diameter  of  the  tube.  If  the  mi.xture  is  contained  in  a  very 
narrow  tube,  the  diminution  does  not  arrive  at  its  full  extent  in  less 
than  twenty  minutes  or  half  an  hour ;  while  in  a  vessel  of  an  inch. 
in  diameter,  ihe  effect  is  complete  in  the  course  of  five  minutes.'*^ 

437.  When  nitric  oxide  gas  (binoxide   of  nitrogen)   and  atmos^  method.'^  * 
pheric  air  are  mixed,  there  is  a  production  of  nitrous  acid,  in  conse- 
quence of  the  union  of  oxygen  with  the  oxide  ;  and  if  the  mixture 

be  made  over  water,  an  absorption  ensues.  Upon  this  principle 
this  gas  was  used  in  eudiometrical  experiments,  by  Priestley  and 
Cavendish.t  There  are, '  however,  several  sources  of.  errojc  for 
which, and  the  precautions  required  to  ensure  accuracy,  see  Binoidde 
of  NUrogen,  t  (454.) 

438.  If  a  stick  of  phosphorus  bo  confined  in  a  portion  of  atmost  i^voi- 
pfaeric  air  it  will  slowly  absorb  the  oxygen   present.     The  rapid  sier's,  die 
combustion  of  the  same  substance  may  also  be  conveniently  resort-. 

ad  to.  These  eudiometrical  methods  were  used  by  Lavoisier, 
BerthoUet,  and  Seguin.^  Uniformity 

439.  The  analyses  of  atmospheric  air,  collected  at  various  eleva-  in  compo- 
tiooa  and  in  different  latitudes,  show  that  the  proportion   of  oxygen  sitionofair. 
is  between  20  and  21  volumes,  and  of  nitrogen  79  or  50.    The  av- 
erage of  a  number  of  analyses  by  Hare's  eudiometer,  gave  the  pro- 
portion of  oxygen  at  20,66  per  cent.    The  air  which  Gay-Lussac 
(Moaght  from  an  altitude  of  21,735  feet  above  the  earth,  had  the 

tame  composition  as  that  collected  near  its  surface.  But  Faraday 
found  a  decided  difference  between  the  air  from  the  arctic  regions 
tod  that  of  London.  Dalton  has  inferred  that  the  proportion  of 
<ntygen  to  nitrogen  in  the  air  on  the  surface  of  the  earth,  is  not  pre- 


*  Sse  Heory'i  Essay  io  Phiiot.  Trant.  1824.— Henry's  ChemUtry^  l.  237. 

f  PhU.  TVotu.  1783.     t  See  Dalton's  Remarks,  Phil,  Mag,  Vol.  xxfiii.       For 
tW  details  of  this  process  see  Henry's  Chemistry^  fol.  1.  p.  3I2|  edit.  lOth. 

f  •4jm.  de  Chim,  torn.  ix.  and  xxxiv. 


140 


^^Krogen  and  Oxygen, 


Ch»p.III. 


Carbonic 
acid  in  air. 


Water  in 
air. 


Its  qoantt- 


Slate  ia 
which  com< 
ponents  of 
the  air  ex* 


Dalton'f 
▼iew, 


Graham'f 

ezperi- 

menta. 


cisely  the  same  at  all  places  and  times,  and  that  in  elevated  regions, 
theproportion  is  somewhat  less. 

The  miasmata  of  marshes  and  the  effluvia  of  infected  places,  are 
supposed  to  owe  their  noxious  qualities  to  some  peculiar  subtle  prin- 
ciple, and  not  to  a  deficiency  of  oxygen.* 

440.  Though  oxygen  and  nitrogen  are  the  essential  component 
parts  of  atmospheric  air,  it  contains  other  substances,  which,  however, 
may  be  regarded  as  adventitious,  and  the  quantity  of  which  is  liabk 
to  vary  :  of  these,  carbonic  acid  and  aqueous  vapour  are  the  most  ioh 
portant  and  constant.  The  quantity  of  the  former  may  usnmOy  be 
considered  as  amounting  to  less  than  1  per  cent 

441.  The  presence  of  aqueous  vapour  in  the  atmosphere  is  shorn 
in  a  variety  of  ways,  but  most  easily  by  exposincf  to  it  certain  de- 
liquescent substances  which  liquefy  and  increase  m  weight,  in  con- 
sequence of  its  absorption.t 

The  quantity  of  water  contained  in  air  and  gases  is  subject  to  va- 
riation. From  the  experiments  of  Saussure  and  Dalton,  it  appetii 
that  100  cubic  inches  of  atmospheric  air  at  57°,  are  capable  of  re- 
taining 0,35  grains  of  watery  vapour ;  in  this  state  the  air  may  be 
considered  at  its  maximum  of  humidity :  it  would  also  appear  that 
all  the  gases  take  up  the  same  quantity  of  water  when  under  similar 
circumstances,  and  that  it  consequently  depends,  not  upon  the  den- 
sity or  composition,  but  upon  the  bulk  of  the  gaseous  fluid. 

442.  Berthollet  considered  that  the  elements  of  the  air  are  retain- 
ed together  by  chemical  attraction ;  but  Dalton  maintains  that  they 
are  merely  mechanically  mixed,  and  proved  that  gases  mingle  me- 
chanically that  have  co  attraction,  and  that  even  carbonic  acid  rises 
through  a  small  tube  into  a  bottle  of  hydrogen  placed  above  it, 
though  much  heavier,  a  corresponding^  quantity  of  hydn^n  des- 
cending into  the  carbonic  acid  bottle.  This  proves  a  power  odijfu- 
sion  among  the  gases.  Dalton  concluded  that  particles  of  the  same 
gases  repel  each  other,  but  that  those  of  different  gases  do  not,  and 
that  one  gns  acts  as  a  vacuum  to  another,  though  they  diffuse  them- 
selves more  slowly  through  each  other  than  in  a  vacuum. 

443.  Graham  has  ascertained  that  each  gas  has  a  diffusivenai  pe- 
culiar to  itself,  which  is  inversely  proportional  to  the  square  root  of 
its  density,  and  has  drawn  up  tables  representing  their  diffusive  pow- 
er, air  bemg  taken  as  a  standard  of  comparison.}  He  used  a  tube 
with  the  gas  under  examination,  open  at  one  end,  and  closed  witb 
plaster-of-paris  at  the  other,  the  diffusion  taking  place  readily 
through  the  pores  of  this  substance  when  moderately  dry ;  it  aim 
takes  place  through  membranes,  small  cracks  in  glass  ^"essels,  sad 
through  numerous  porous  bodies.^    From  all  these  consideratiosii 


pravakMid' 


*  According  to  Prout  there  was  a  peculiar  state  of  the  air  during  the 
the  cholera  in  London,  in  1833.    See  RqpcrU  ({fBrii.  Aatoc.  1832. 

t  As  the  ^ases  in  general,  unless  artificially  dried,  also  contain  vapoor,  it  is  i 
sary,  in  delicate  ezperimenu,  and  in  ascertaining  their  specific  gFarity,  to  taka  <Mi 
ingredient  into  the  account,  or  tosefiarate  it  by  proper  means,  such  as  exposure  to  i*7 
deliquescent  substances,  among  which  fused  chlonde  of  calcium  is  especially  vadU* 

t  Pha.  TVont .  Edin,  1831. 

f  See  Mitchell's  experiments  in  ilmer.  Jour.  Med,  Scu  Tii.  36. 
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ton's  Tiew  of  the  constitution  of  the  air  is  now  generally  adop-    8act.ni. 

R.  54. 

44.  Hygroscopes  and  Hygrometers  are  instruments  which  show 
presence  of  water  in  the  air,  its  Tariation  in  quantity,  and  its  gynome- 

nal  quantity  existing  in  a  given  hulk  of  air  at  any  given  time.  ten. 
liell's  hygrometer  shows  the  constituent  temperature  of  the  mois- 
» in  the  atmosphere,  hy  its  precipitation  upon  a  cold  surface.! 

45.  Since  oxygen  is  necessary  to  combustion,  to  the  respiration  j^^  ^f  ^x- 
loimab,  and  to  various  other  natural  operations,  by  all  of  which  ygen,  how 

t  gas  is  withdrawn  from  the  air,  it  is  obvious  that  its  quantity  fomp*'^*^- 
ild  gradually  diminish,  unless  the  tendency  of  those  causes  wera 
nteracted  by  some  compensating  process.  The  only  source  by 
Ich  oxygen  is  known  to  be  supplied,  is  the  action  of  growing  veg- 
ilet.  A  healthy  plant  absorbs  carbonic  acid  during  the  day,  ap- 
priates  the  carbonaceous  part  of  that  gas  to  its  own  wants,  and 
[▼et  the  oxygen  with  which  it  was  combined.  During  the  night, 
Md,  an  opposite  effect  is  produced.  Oxygen  gas  then  disappears, 
carbonic  acid  is  eliminated ;  but  it  follows  from  the  experiments 
EViestley,  Davy,  and  Daubeny,  that  plants  during  24  hours  yield 
!te  oxygen  than  they  consume.  Whether  living  vegetables  make 
ill  compensation  for  the  oxygen  removed  from  the  air  by  the  pro- 
above  mentioned,  is  uncertain. 


trogen  and  Oxygen.    Protoxide  of  Nitrogen — Nitrous  Oxide, 

Composition.  # 

4rMk  8^9.  Gt,  NU.  Qry.  Chem.  Bquit, 

4-Oorl^      1.5239    Air  el        Bj  Vol.        100  +      60         100 

S&.15      Uyd.  Bi         "  Wght.      14.15      +        8  2a.l6 

M.  This  gas  was  termed,  by  its  discoverer,  Priestley,  dephlogisti- 

rf  fdtrous  otr  ;  by  the  Dutch  chemists  gaseous  oxide  of  azote, 

I  obtained  by  several  processes,  but  that  most  usually  adopted  is 

ibOowing.     The  salt  obtained  by  neutralizing  nitric  acid  with 

MMiftte  of  ammonia,  called  Nitrate  of  AmmoniaX  is  heated  in  a 

IS  retort.     When  all  the  salt  is  liquefied,  it  should  be  kept  gently 

mering,  avoiding  violent  ebullition.    The  temperature  should  not  P'^^****! 

sited  above  500^  F.     If  a  white  cloud  appears  within  the  retort, 

:  to  some  of  the  salt  subliming  undecomposed,  the  heat  should  ^^°' 

checked.^    The  management  of  the  heat  is  to  be  carefully  at* 

led  to ;  when  the  heat  is  too  great,  the  gas  is  apt  to  be  im- 

e. 

M7.  The  gas  may  be  collected  over  water  and  allowed  to  stand  Collected 

hour  or  two  before  it  is  used,  during  which  time  it  will  deposit  a  ^^*^  ^     * 


8k  Quorf.  Jour,  ScL  volt.  viii.  ix.  x. 
tit  Mtraie  qf  Ammonia, 


A  dwrifef  with  ignited  ehftrconl  affords  the  best  heat,  and  the  retort  is  less  liable 
•  btoken  than  when  a  lamp  is  employed.  An  iron  or  tin  plate  will  be  fonnd  use- 
is  check  the  ehnllition  if  too  great,  as  it  can  be  interposed  between  the  ohanuSer 
itm  retort,  and  withdrawn  at  pleasure. 


1^^  Nitrogen  and  Oxygen. 

Ohap.m.  white  substance  and  become  transparent.  When  a  large  quantity  it 
wanted,  it  may  be  received  in  a  gasholder,  and  much  gas  will  be 
saved  if  the  vessel  be  filled  with  water  which  has  beea  once  used 
for  the  same  purpose. 
Theory  of  448.  The  products  of  this  operation,  when  carefully  cooducted, 
the  process,  are  water  and  protoxide  of  nitrogen.  The  nature  of  the  change 
will  be  understood  by  comparing  the  composition  of  nitrate  of  anh 
monia  with  that  of  the  products  derived  from  it.  These^  in  ronod 
numbers,  are  as  follows : 

Nitric  Add,  Ammonia,  Water,  Proi.  qf  I<SirpgWL 

Nitrogen  14  or  1  eq.   Nitrogen  14  or  1  eq. 
Oxygen  40or5eq.  Hydrogen  3or3eq. 


Hyd.    3or3eq.      Nit.    28or9c|. 
Oxy.  24  or  3  eq.      Oxy.  16  or  2  cf. 


54  17  27  44 

The  same  expressed  in  s3nT)boIs  is 

N+50;  N+3H;        |         3(H+0);        2(N-fO). 

The  hydrogen  in  the  ammonia  takes  so  much  oxygen  as  is  suffi- 
cient for  forming  water,  and  the  residual  oxygen  converts  the  nitro- 
gen both  of  the  nitric  acid  and  of  the  ammonia  into  protoxide  of  ni- 
trogen :  71  grains  of  the  salt  will  thus  yield  44  grains  of  protoxide 
of  nitrogen  and  27  of  water. 
Properties.      449.  Protoxide  of  nitrogen  is  a  colourless  gas,  which  does  not 
affect  the  blue  vegetable  colours,  even  when  mixed  with  atmospheric 
air.     Recently  boiled  water,  which  has  cooled  without  exposaie  to 
the  air,  absorbs  nearly  its  own  bulk  of  it  at  60^  F.  and  gives  it  out 
^gfain  unchanged  by  boiling.     The  solution,  like  the  gas  itself*  hsi 
a  faint  agreeable  odour  and  sweet  taste.     The  action  of  water  aflbrds 
a  ready  means  of  testing  its  purity ;  removing  it  readily  from  ill 
other  gases,  such  as  oxygen  and  nitrogen,  which  are  sparingly  ab- 
sorbed by  that  liquid. 
May  be  tc-      450.  Davy  discovered  that  this  gas  may  be  taken  into  the  longs 
spired.        ^j^Ij  safety,*  and  that  it  supports  respiration  for  a  few  minuteft    A 
few  deep  inspirations  of  it  are  followed  by  feelings  of  exciteraent, 
similar  to  the  early  stages  of  intoxication.     The  experiment,  how> 
ever,  cannot  be  made  with  impunity  by  all  persons,  especially  hj 
those  who  are  liable  to  a  determination  of  blood  to  the  head^t 
Supjwrti         451^  Protoxide  of  nitrogen  supports  combustion,  and  a  taper  in- 
tion.  troduced  into  it  hns  its  flame  much  augmented  and  surrounded  fays 

purplish  halo.     Phosphorus  and  sulphur,  when  introduced  io  a  siati 
of  vivid  ignition  into  this  gas,  burn  with  the  same  appearance  neaiiy 
as  in  oxygen ;  but,  if  when  put  into  the  gas,  they  arc  merely  bam- 
ing  dimly,  they  do  not  decompose  it  and  are  extinguished,  so  thst 
they  may  be  melted  in  the  gas,  or  even  touched  with  a  red-hot  wire 
without  inflaming,  (but  when  wire  intensely  heated,  or  made  whitt- 
hot,  is  applied,  the  phosphorus  burns,  or  rather  detonates,  with  pro* 
digious  violence.    H.)     Charcoal,  and  many  of  the  metals,  also  do- 
compose  protoxide  of  nitrogen  at  high  temperatures. 
Detonates        452.  A  mixture  of  this  gas  with  an  equal  bulk  of  hydrogen  gtf 
with  hydro-  j^ionates,  on  applying  a  lighted  taper,  or  passing  an  electric  tipuk, 

*  Researehe*  on  the  nitrotu  oxide* 

t  See  report  of  remarkable  cases  in  Amer,  Jour.  vol.  ▼. 
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and  is  decomposed  also  by  spongy  platinum  at  common  tempera-   sect.  in. 
tures.     The  product  of  the  combustion  is  the  same  as  when  oxygen 
gas  or  atmospheric  air  is  used.     The  protoxide  is  decomposed ;  the 
combustible  matter  unites  with  its  oxygen,  and  the  nitrogep  is  set 
free. 

463.    At  a  red  heat  this  gas  is  decomposed  and  converted  into  Decompo- 
Ditrogen,  oxygen  and  nitrous  acid.*    It  was  analyzed  by  Davy,  by  ^^^^' 
mean«  of  hydrogen  gas.     He  mixed  39  measures  of  the  former  with 
40  measures  of  hydrogen,  and   fired  the  mixture   by  the  electric 
spark.     Water  was  formed  ;  and  the  residual  gas,  which  amounted 
to  41  measures,  had  the  properties  of  pure  nitrogen.     As  40  mea- 
sures of  hydrogen  require  20  of  oxygen  for  combustion,  it  follows 
that  39  volumes  of  the  protoxide  of  nitrogen  contain  41   of  nitrogen 
and  20  of  oxygen.     According  to  Gay-Lussac's  law  of  gaseous  com- 
bination, it  may  be  inferred  that  protoxide  of  nitrogen  contains  its  Analpis. 
own  bulk  of  nitrogen  and  half  its  volume  of  oxygen.     The  analy- 
sis of  this  compound  by  Henry ,t  by  means  of  carbonic  oxide  gas, 
has  proved  beyond  a  doubt  that  this  is  the  exact  proportion.     Now, 

100  cobic  inches  of  nitrogen  gas  weigh  -  30.1650  grains 

50        do.  oxygen        ....  17.0936      »» 

These  sambers  added  together  amonnt  to  47.2586 

which  roust  be  the  weight  of  100  cubic  inches  of  the  protoxide ;  and 
its  specific  gravity  is,  therefore,  1.5239.  Its  composition  by  weight 
is  determined  by  the  same  data,  being  17.0936  of  oxygen  to  30.1650 
of  nitrogen,  or  as  8  to  14.117,  nearly  the  number  already  sta- 
ted.   T. 

Binoxide  of  Nitrogen — Nitric  Oxide, 

Composition. 

9f9A,  Sp.  Gr.  NU.  Oxy.  Chem.  Equiv. 

ll^MorN         1,0376     air=l    By  Vol.      100         +100=    200 
15.76     Hyd.=I      "   Wght.      14.16     -|-        16      =  30.16 

454.  This  gas,  discovered  by  Hales,  was  first  examined  by  Priest- 
ley,  and  called  by  him  nitrous  air  a  term  afterwards  changed  to  ni- 
trous gasi  then  to  nitric  oxide,  and  more  lately  to  Binoxide  of  Nitro- 
gtHf  which  last  appears  to  be  its  most  appropriate  title.  It  is  more 
genermlly  known,  however,  under  the  name  of  nitrous  gas. 

455.  It  is  usually  obtained  by  presenting  certain  substances  to  ni- 
tric acid,  which  abstract  a  portion  of  its  oxygen,  leaving  the  remain- 
ing elements  in  such  proportions  as  to  constitute  the  gas  in  ques-  J|^°^^^" 
tioD  ;  for  this  purpose  copper  may  be  put  into  a  gas  bottle,  (Fig.  87) 


•  For  cxperimtnu  of  this  Fig.  140. 

kind  tho  following  simple 
tppwattti  nay  bs  used :  It 
connsts  of  two  bladders, 
(Fif .  HO,)  one  of  which  is 
tUed  with  the  gas,  and  the 

mha  empty,  attached  to  the  ^^^       , , 

eztrcmities  of  a  porcelain  tube  which  traTerses  the  body  of  a  furnace.  The  blad- 
ders are  soppUeo  with  stop-cocks,  and  the  gas  is  squeezed  from  one  to  the  other 
%hen  the  tube  is  red  hot. 

t  Ann.  qf  PkU,  viii.  299,  N.  S. 
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Chap,  m.  with  nitric  acid,  diluted  with  thrice  its  bulk  of  water ;  an  action  en- 
sues, red  fumes  are  produced,  and  there  is  a  copious  evolution  of 
the  gas,  which  may  be  collected  and  preserved  over  water.  The 
first  portions  should  be  rejected.  It  is  presently  recognised  by  the 
red  fumes  which  it  produces  when  brought  into  the  contact  of  air. 
During  this  process  part  of  the  nitric  acid  gives  oxygen-  to  the  eo^ 
Theory  of  per ;  and  passes  to  the  state  of  binozide  of  nitrogen,  the  remainiif 
the  process,  acid  unites  with  the  oxide  of  copper,  and  composes  a  nitrate  of  thu 
metal. 

Quicksilver  may  be  substituted  for  the  copper ;  but  in  the  lillar 
case  it  will  be  found  necessary  to  apply  heat  to  the  materials. 

456.  When  mixed  with  oxygen  gas  red  fumes  arise,  heat  it  efolt- 
ed,a  diminution  takes  place,  and  if  the  two  gases  be  in  proper  pio- 
portion,  and  perfectly  pure,  they  disappear  entirely.  The  product  ef 
this  union  is  possessed  of  acid  properties,  which  may  be  shown  hj 
the  following  experiments. 

1.  Paste  a  slip  of  litmus  paper  within  a  {[lass  jar,  near  the  bottom ;  UMlinlB  IIh 
jar,  filled  with  and  invertoa  in  water,  admit  as  much  of  the  gaa,  pniioaely  wiB 
washed,  as  will  displace  the  water  below  the  level  of  the  paper.  The  eolov 
of  the  litmus  will  remain  unchanged ;  but  on  adding  oxygen  gas  it  will  h%  im- 
mediately reddened. 

2.  Pass  up  into  a  jar  filled  with  the  vegetable  infiision,  (56  Note)  a  quaati^  if 
oxygen  gas  sufficient  to  displace  about  one  half  of  the  infusion ;  to  tnia  aonit 
binoxido  of  nitrogen,  absorption  and  reddening  will  ensoe. 

457.  Binoxide  of  nitrogen  is  rather  heavier  than  common  air. 
It  is  partially  resolved  into  its  elements  by  being  passed  through  red- 
hot  tubes.  A  succession  of  electric  sparks  has  a  similar  efiect  It 
is  converted  into  protoxide  of  nitrogen  by  substances  which  have  a 
strong  affinity  for  oxygen.  Davy  ascertained  its  composition  by  the 
combustion  of  charcoal.^  Two  volumes  of  the  binoxide  yielded  one 
volume  of  nitrogen,  and  about  one  of  carbonic  acid,  whence  it 
was  inferred  to  consist  of  equal  measures  of  oxygen  and  nitrogea 
gases  united  without  any  condensation.  Gay-Lussac  also  proved 
that  this  proportion  is  exact.  He  decomposed  100  measures  of  the 
gas,  by  heating  potassium  in  it ;  when  50  measures  of  pure  nitfo- 
gen  were  left,  and  the  potassa  formed  corresponded  to  5u  measuiei 
of  oxygen.  The  same  fact  has  been  lately  proved  by  Heory.t 
Hence,  as 

50  cubic  inches  of  oxygen  gas  weigh  •        17.0996  grains. 

50         do.  nitrogen  -  -        -        15.0825      ** 

100  cubic  inches  of  the  binoxide  must  weigh  32.1761 

Its  composition  stated  at  page  143  is  drawn  from  these  facts.  Ill 
density  ought  to  be  1.0375,  which  closely  agrees  with  the  direct  ex* 
periments  of  Davy,  Thomson,  and  Berard.   T. 

458.  When  washed  with  water  it  is  not  acid.     Water 
the  binoxide  sparingly  ;   100  measures  of  that  liquid,  cold  and 
cently  boiled,  take  up  about  11   of  the  gas.     It  extinguishes 
burning  bodies ;  but  phosphorus  readily  burns  in  it  if  iotrodnoed  il 
intense  ignition.     It  is  quite  irrespirable,  exciting  strong  spasmtrf 
the  glottis,  as  soon  as  an  attempt  is  made  to  inhale  it     The  eipfli^ 
ment,  however,  is  a  dangerous  one. 


Properties. 


*  Elem.  Chem.  PhU,  p.  200.  t  Ann,  qf  PkU,  N.  a  viii.  ns. 
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469.  It  is  decomposed  by  exposure  to  almost  all  bodies  that  attract    s»c-  "^ 
oxygen  ;  thus  iroD  filings  decompose  it,  and  become  oxidized,  afford-  Decompoti. 
ing  a  proof  of  tho  presence  of  oxygen  in  it.     During  this  processi  ^'^°< 
water,  ammonia,  and  protoxide  of  nitrogen  are   generated. ,  Mixed 
Mriih  sulphurous  acid,  it  is  decomposed,  and  this  acid  is  changed  into 
the  sulphuric,  but  not  unless  water  is  present.     With  an  equal  bulk 
of  hydrogen,  it  forms  a  mixture  which  cannot  be  made  to  ea^plode, 
but  which  is  kindled  by  contact  with  a  lighted  candle,  and  burns 
rapidly  with  a  greenish  white  flame,  water  and  pure  nitrogen  gas 
being  the  sole  products.     The  action  of  freshly  ignited  spongy  plati- 
num on  a  mixture  of  hydrogen  and  binoxide  of  nitrogen  gases  leads 
to  the  slow  production  of  water  and  ammonia. 

460.  From  the  formation  of  red  coloured  acid  vapours,  whenever  y««  in  E«» 
binoxide  of  nitrogen  and  oxygen  are  mixed,  these  gnses  detect  the  pre-  '®™*^» 
sence  of  each  other ;  and  since  the  product  is  wholly  absorbed  by  wa« 

ter,  either  of  them  may  be  entirely  removed  from  any  gaseous  mixture 
by  adding  a  sufficient  quantity  of  the  other.  Priestley,  who  first  ob- 
served this  fact,  supposed  that  combination  takes  place  between  them 
in  one  proportion  only;  and  inferring  on  this  supposition,  that  a 
given  absorption  must  always  indicate  the  same  quantity  of  oxygen, 
he  was  led  to  employ  binoxide  of  nitrogen  in  Eudiometry.  But  in 
this  opinion  he  was  mistaken.  Dalton  and  Gay-Lussac  have  described 
the  precautions  which  arc  required  to  insure  accuracy."*^ 

HyponUrous  Acid' 

Composition. 

Sfmb,  Nit.  Oxy.  Equiv. 

By  Vol.        100       +        150 
N+30orN  *'    WghL       14.16   +  24       a:      38.16 

461.  On  adf^Wig  l)inoxide  of  nitrogen  in  excess  to  oxygen  gas,  pf^^^ett. 
con6oed  in  a  ifia^s  tube  over  mercury,  Gay-Lussac  found  that  100 
nieasiretof  the  latter  combine  with  400  of  the  former  forming  an  acid 
which  anites  with  the  potassa.     The  compound  so  formed  is  hypo- 
nitroaa  acid. 

462.  The  anhydrous  liquid  acid  is  colourless  atO**  F.  and  green  at  propertiei. 
common   temperatures.     It  is  so  volatile,  thai  in  open  vessels  the 

green  fluid  wholly  and  rapidly  passes  off  in  the  form  of  an  orange 
vapour,  which  is  said  to  have  a  density  of  1.72.  On  admixture  with 
water  it  is  converted  into  nitric  acid  and  binoxide  of  nitrogen,  the 
Utter  escaping  with  efiervescence ;  but  when  much  nitric  acid  is 
present,  the  hyponitrous  is  changed  into  nitrous  acid,  which  imparts 

*MtoD  in  Ann.  q/  Phil,  x-  3d;  and  farther  directions  hSTo  lieen  published  j^  iMd«raa*, 
t-y  Heary  in  his  B3tmenti.  Instead  of  employing  a  narrow  tube,  such  as  is  com-  LvMie. 
mIj  ased  for  measoring  ^ases,  Gay-Lussac  acnrises  that  100  measures  of  air  should 
U  iairadMed  into  a  very  wide  tnlie  or  jar,  and  that  an  equal  Tolume  of  binoxide  of 
sttrofto  sboald  then  be  added.  The  red  Tapours.  which  are  instantly  produced ;  die- 
>9pcar  Tery  quickly ;  and  the  absorption  after  hall  a  minute,  or  a  minnte  at  the  movt, 
■IT  he  regarded  as  complete.  The  residue  is  then  tranxferred  into  a  graduated  tube 
^  neaaored.  The  diroinaiion  almost  always,  according  to  Oay-Lutsac,  amounts  to 
HJ^iaeasares,  one-foorth  of  which  is  oxygen.  Gay-Lussac  has  applied  this  process  to 
tWanalysia  of  rarious  mixed  ga^es,  in  which  the  oxygen  was  sometimes  in  a  greater, 
*  others  in  a  lesv  proportion  than  in  the  atmo«iihere,  and  the  indications  were  al* 
*iTscorrecu  For  other  details  aee  Turner's  ^(f<rfnent«,  177,  and  Dana  on  yUrouM 
^,  imcr.  Jmr.t  Tii.  93d. 
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J^ltrogen  and  (hygtn. 


Clap,  ni.  several  shades  of  colour,  orange,  yellow,  green,  and  blue,  according; 
to  its  quantity.  One  equivalent  of  hyponitrous  and  one  of  nitm 
acid,  yield  two  equivalents  of  nitrous  acid  :  thus  N+30  and  N+50 
contain  the  elements  for  forming  2(N-(-40). 

463.  Hyponitrous  acid  does  not  unite  directly  with  alkalies,  being 
then  resolved  principally  into  nitric  acid  and  binoxide  of  nitrogea; 
but  the  hyponitrites  of  the  alkalies  and  alkaline  earths  may  be  ob* 
tained  by  heating  the  corresponding  nitrates  to  a  gentle  red  heat. 

464.  Hyponitrous  acid  forms  with  water  and  snlphurie  acid 
a  crystalline  compound,  which  is  generated  in  large  quantity  daring 
the  manufacture  of  sulphuric  acid,  and  the  production  of  which  it  aa 
essential  part  of  that  process.  It  is  generated  whenever  moist  sul- 
phurous acid  gas  and  nitrous  acid  vapour  are  intermixed,  being 
mstantly  deposited  in  the  form  of  white  acicular  crystals.     T.  irt. 


Action  of 
falphuric 
acid. 


Nitrout  Add, 


Eqm, 


Nitrooi 
Acid  gat-. 


El]H 


CompositioD. 

Sifmb.  NU.  Oxy. 

By  Vol.        100       -f       200 
N-HOorN  "   Wght.       14.16+  38    :=     4e.lf 

465.  When  binoxide  of  nitrogen  is  presented  to  oxygen,  the  two 
gases  combine,  and  a  new  gaseous  compound  of  a  deep  orange  coloor 

results. 


Not  easU 
exunioi 


ea. 


Into  a  large  glass  globe,  or  otlier  convenient  vessel,  previously  filled  with  «•• 
ter,  introduce  sufficient  nitrous  gas  to  displace  about  two  thirds  of  the  water.  Qi 
passing  into  it  oxygen  gas  the  vessel  will  oecome  filled  with  deep  orange cokwied 
nitrous  acid  gas. 

This  compound  is  absorbed  both  by  quicksilver  and  water,  so  that 
to  preserve  it  for  examination,  we  are  obliged  to  resort  to  exhausted 
glass  vessels.  When  we  thus  mix  two  volumes  of  binoxide  of  ni- 
trogen with  one  volume  of  oxygen,  the  gases  become  condensed  It 
one  third  their  original  volume,  and  form  nitrota  acid  vapour* 
Properties.  466.  This  gas  supports  the  combustion  of  the  taper,  of  phosphoniii 
and  of  charcoal,  but  extinguishes  sulphur."^  100  measures  of  nitnei 
acid  vapour  contain  100  of  nitrogen  gas  and  200  of  oxygen.  The  spe- 
cific gravity  of  this  vapour  ought  to  be  3.1775,  formed  of  0.9727  the 
sp.  gr.  of  nitrogen-f-2.2048  twice  the  sp.  gr.  ofoxygen. 

467.  Nitrous  acid  may  exist  in  the  liquid  as  well  as  in  the  gase- 
ous form.  To  form  liquid  nitrous  acid,  its  vapour  may  be  eoe* 
densed  by  a  freezing  mixture.  It  is  readily  absorbed  by  water ;  tbs 
water  becomes  first  green,  then  blue,  and  finally  an  orange  cohiar, 
more  or  less  deep.  The  latter  may  be  brought  to  the  state  of  gicsa 
or  blue  by  adding  more  or  less  water.  Hence  the  colour  depeadi 
partly  on  the  circumstance  of  density  ;  but  there  can  be  little  doubt 
that  It  is  materially  affected  also  by  the  proportions  of  nitric,  nitnaib 
and  hyponitrous  acids,  which  according  to  Oay-Lussac,  compose  si* 
trous  acid,  as  it  is  ordinarily  obtained  in  a  liauid  state.     H.  i.  au. 

468.  It  may  be  procured  by  exposing  nitrate  of  lead  careM^ 
dried  to  a  heat  sufficient  to  decompose  the  salt.  The  nitric  arid  ff 
the  salt  is  resolved  into  nitrous  acid  and  oxygen ;  and  if  the  prodacti 


Liqaid  ni- 
iroos  acid. 


Proin  ni' 
trateof 

iMUi. 


*  It  reddens  litmus  paper,  has 
stances  yellow. 


a  soar 


taste,  a  strong  smell,  abd  tarns  laiaM)^ 
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are  received  in  Tesaeli  kept  moderately  cool,  the  greater  part  of  the  it>a«  m. 
former  condenses  into  a  liquid.     This  8ul»tance  was  first  obtained 
by  Gay-Lussac. 

469.  The  liquid  anhydrous  acid  is  powerfully  corrosive,  has  a  Properties, 
strong  acid  taste  and  pungent  odour,  and  is  of  a  yellowish  orange 
colour.  Its  density  is  1.451.  It  remains  liquid  at  ordinarv  tempe- 
ratures and  pressure,  and  boils  at  82^  F.  Exposed  to  the  air  it  eva- 
porates with  great  rapidity,  forming  the  common  nitrous  acid  vapours, 
which,  when  once  mixed  with  air  or  other  gases,  require  an  intense 

cold  to  condense  them. 

470.  Nitrous  acid  is  a  powerful  oxidizing  agent,  readily  giving  (Mdiiw. 
oxygen  to  the  more  oxidable  metals,  and  to  most  substances  which 

have  a  strong  affinity  for  it.  The  acid  is  decomposed  at  the  same 
time,  being  commonly  changed  into  binoxide  of  nitrogen,  though 
sometimes  the  protoxide  and  even  pure  nitrogen  gases  are  evolved. 
When  transmitted  through  a  red  hot  porcelain  tube,  it  suffers  decom- 
position, and  a  mixture  of  oxygen  and  nitrogen  gases  is  obtained. 

When  nitrous  acid  is  mixed  with  a  considerable  quantity  of  water,  Action  of 
it  is  instantly  resolved  into  nitric  acid,  which  unites  with  the  water,  ^^^'' 
and  binoxide  of  nitrogen  which  escapes  with  efiervescencc. 

Nitric  Acid' 

Compokiiion. 
Symb.  Nit.  Ciry.        Kquiv. 

mT .    ^       'J,-  By  Vol.        100       -f       250 

N-hSOorN  •'^  Wght.      14.16+         40    =     64.16 

471.  If  a  succession  of  electric  sparks  be  passed  through  a  mixture  j^ij^^^  ^a 
of  oxygen  and  nitrogen  gases  confined  in  a  glass  tube  over  mercurv,  formed.    ^ 
a  little  %vater  being  present,  the  volume  of  the  gases  will  gradually 
diminish,  and  the  water  after  a  time  will  be  found  to  have  acquired 

acid  properties.  On  neutralizing  the  solution  with  potassa,  or  what 
is  better,  by  putting  a  solution  of  pure  potassa,  instead  of  water,  into 
the  tube,  a  salt  is  obtained  which  possesses  all  the  properties  of  the 
nitrate  of  potassa  (nitre.)  This  experiment  was  performed  by  Ca- 
vendish in  17S5,  who  inferred  from  it  that  nitric  acid  is  composed  of 
oxysen  and  nitrogen. 

The  nitric  acid  may  be  formed  more  conveniently  by  adding  bi- 
noxide of  nitrogen  slowly  over  water  to  an  excess  of  oxygen  gas.  li 
cannot  exist  in  an  insulated  state.  The  most  simple  form  under 
which  chemists  have  hitherto  procured  nitric  acid  is  m  solution  with 
water.  It  is  usually  obtainea  by  the  distillation  of  purified  nitre  Um*] 
with  sulphuric  acid,  of  which  materials  different  proportions  are  em.-protn»ror 

rAawmA  *     obtaining 

P*y~-  nitric  acid, 

btoaclui  retort,  which  maybe  cither  tubulated  or  not,  put  four  parta  by 
veiglil  nf  nitrate  of  potaaaa,  rvmiced  to  a  coame  powder,  and  pour  upon  it  three 
yarti  of  concentrated  flulphuric  acid.  Apply  a  tubulated  receiver  of  large  capa- 
citj  between  which  and  the  retort,  an  adopter  may  bo  interpt>sed  ;  those  junc- 
bres  beioc  luted  with  a  mixture  of  pipeK^iay,  siAcd  Hand,  und  cut  tow  or  flax. 
To  the  tubulun?  of  the  receiver,  a  glaM  tube  may  be  fixed  by  meant  of  the  fat 
^,*aiid  may  terminate  in  another  receiver,  containing  a  small  quantity  of 


*FonMd  by  haating  perfectly  dry  and  fineV  tiffed  tobaceo  pipe  clay,  with  paintert' 
"Tiaf  otl. 


Chap.  in.       Irtba  operator  wiibn 
ihould  be  pr-   ■  ■   '  -    -^ 

n&ting  under 


J^rogen  and  Oxygen. 

collect  the  gaieoui  producti  alio,  thii  fcond  ivmitk 
......1...  .,,      ■---■--  —,j  be  iui»d,t«rmi- 

pneumatic  tmucL 

id-bath.     Tba  Gnl 

i>  generallT  of  a  red  colour,  "iid  of  a 

gruludty  diminub  ;  and  IT  t) 

•WOT  pale,  --' 1— -1  — 


ihould  be  provided  with  a  lubulure,  to  wbich  a  bent  pipe  maj  be  lulad, 

lating  under  one  of  tiiu  inverted  funnela  in  the  ihelf  of  the  pn '~ 

Apply  heat  to  the  relorl,  tbrou^h  the  intervention  of  the  nnd- 


:l  that  paiaes  into  the  n 
ITU  qualilT.  Tbea«  appdaran 
mifi  cl»D,  the  acid  nlll  coE 

gradually  re-aiautnea  a  red  colour,  and  imokuiB  property ;  ,  , 

on  increaain^  till  the  end  of  the  operation  ;  and  the  wnole  product  ir 
gelher,  hai  either  a  yellovr  or  an  oraitga  colour,  according  l<     ' 
employed.    H.  J.  318. 

Od  iba  472.  The  nitric  acid  of  cominerce,  which  is  geDerally  red  v)i 

largaacaia.  fujj^j^g-  j„  consequence  gf  the  preseDce  of  binoxide  of  nitrogen,  it 
procDTed  hy  the  distillation  of  \\ro  parts  of  nitre  with  otie  of  snl^u- 
ric  acid  ;  these  proportions  afibrd  about  one  part  of  orange-eoloared 
nitric  acid  of  the  specific  gravity  of  1.46.* 

PuifieaiioD      473.  The  nitric  acid  of  commerce,  as  usually  obtained  is  impure. 

ofniiiic  ii  frequently  contains  portions  of  sulphuric  and  hydrochloric  acid- 
The  former  ia  derived  from  the  acid  which  is  used  in  the  procea ; 
and  the  latter  from  sea-salt,  which  is  frequently  mixed  with  nitre. 
These  impurities  may  be  detected  by  adding  a  few  drops  of  «  solutioa 
of  chloride  of  barium  and  nitrate  of  silver  to  separate  poniona  of  dI- 
tric  acid,  diluted  with  three  or  four  parts  of  distilled  water.  If  clil> 
ride  of  barium  cause  a  cloudiness  or  precipitate,  sulphuric  acid  mast 
be  present;  if  a  similar  eflecl  be  produced  by  nitrate  of  silrer,  lite 
presence  of  hydrochloric  ncid  may  be  inferred.  Nitric  acid  is  poii- 
fled  from  sulphuric  acid  by  redistilling  it  from  a  small  quaotity  of 
nitrate  of  polassa,  with  the  alkali  of  which  the  sulphuric  acid  unites, 
and  remains  in  the  retort.  To  separate  hydrochloric  ncid,  it  iaiN> 
cessary  to  drop  n  solution  of  nitrate  of  silver  into  the  nitric  ncid  as 
long  as  a  precipitate  is  formed,  and  draw  off  the  pure  acid  by  distil- 
lation.t 


and  M  oranlphnric  acid  yield  from  So  loR 

emolov  three  pan*  of  nitre  and  l*i)  gf  al. 

equal  ceithu,  by  which  a  nnrij 


■  Upon  the  large  teale  I  IS  Iba.  ofi 
11)B.  of  iritrie  acid.     Soow  manufactu 
tiharic  acid,  and  ibe  Lrnidmi  Pharmacopoeia 
Golourlli)  nitric  acid  is  afibnled. 

tThe  ditlillation  of  nitric  acid  maj  be  conducted  a  pan  (hemiall  malt  in  a 
gta*i  rtlott  a,  wiih  a  lubulalcd  receiver  (,  paiiing  iato  the  ■—"'--  '<*-   -■ 

~  '  ''.a  heal  ia  oblajncd  by  ibc  lamp  d,  and  tin  wbola  a 


(      The  manDlaclnrer  who  preparei  nili 

«  lillalorT  vetacli  of  alona  ware.  Fi|;.  Hi  reprcwnli 
apparatua,  employed  at  Apolhrcanea'  Hall,  London,  for  the  productioL  _.  . 
aifia-fbrlit:  ilconaiala  ofan  iron  pol.aet  inbrick-work.iiTer  aflre-plsce;  anen 
ware  head  ia  Inlcd  upon  it,  commuDicalingwiih  two  receiver*  of  Iba  aame  nal 
furaiahtd  wilheaiihcn  ware  atop  cocki,  Ihe  laat  of  whirh  haa  a  tnbe  of  nftly  di 
inloabaainor  water. 
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For  pharmaceutical  purposes,  the  ordinary  acid  is  generally  suffi-    Stctm. 
ciently  pure.     If,  however,  pure  nitre,  and  pure  sulphuric  acid  be 
employed  in  its  production,  and  the  latter  not  in  excess,  there  is  little 
apprehension  of  impurity  in  the  resulting  acid. 

474.  Liquid  nitric  acid  is  heavier  than  water,  in  the  proportion  of  Specific 
1.5  or  upwards  to  1.  The  specific  gravity  of  real  nitric  acid,  which  gravity. 
cannot,  however,  be  obtained  separately,  may  be  calculated  at  1.75. 

In  its  heaviest  form,  it  still  contains  a  portion  of  water,  which  is  es- 
sential to  its  existence  in  a  liquid  state.  In  acid  of  the  sp.  gr.  1.5  the 
water  amounts  to  20  per  cent.  It  possesses  acid  properties  in  an  em- 
inent degree.  A  few  drops  of  it  diluted  with  a  considerable 
quantity  of  water  form  an  acid  solution,  which  reddens  litmus  paper 
permanently.  It  unites  with  and  neutralizes  alkaline  substances, 
forming  with  them  salts  which  are  called  nitrates* 

475.  Nitric  acid  is  usually  coloured  by  nitrous  acid. 

To  expel  which,  put  the  acid  into  a  retort  to  which  a  receiver  it  applied,  the  Coloared 
two  Tcveli  not  heing  luted,  but  joined  merely  by  paper.    Apply  a  very  gentlo  by  nitroui 
heat  ibr  WTeral  hours  to  the  retort,  changing;  the  rocciv'cr  n»  soun  as  it  becomes  acid  gas. 
filM  with  rod  vapours.    The  nitrous  gas  will  thus  be  expelled,  and  the  nitric 
acid  will  remain  in  the  retort  limpid  and  colourless.    It  must  be  kept  in  a  bottle 
Kclnded  from  light.    11.  327. 

476.  Nitric  acid  emits  white  fumes  when  exposed  to  the  air,  and  I>«compo- 
b  extremely  sour  and  corrosive.     It  effects  the  decomposition  of  ani-  matiere? 
mal   matters.     The  cuticle  and  nails  receive  a  permanent  yellow 

stain  when  touched  with  it ;  and  if  applied  to  the  skin  in  sufficient 
quantity  it  acts  as  a  powerful  cautery,  destroying  the  organization  of 
the  part  entirely. 

477.  It  boils  at  249'  F.,  and  may  be  distilled  over  without  any  Boiling 
essential  change.     An  arid,  weaker  than  1.42,  is  strengthened  by  ^^^* 
being  boiled  ;   while  an  acid,  stronger  than  1.42,  becomes  weaker  by 
boiling.     All  the  varieties  of  nitric  acid,  therefore,  are  brought,  by 
sufficient  boiling,  to  the  specific  gravity,  1.42,  which  appears  to  be 

the  most  energetic  combination  of  acid  and  water. 

478w  Nitric  acid  may  be  frozen  by  cold.  The  temperature  at  Freezing. 
which  congelation  takes  place,  varies  with  the  strength  of  the  acid. 
The  strongest  acid  freezes  at  about  50^  below  zero.  When  diluted  with 
half  its  weight  of  water,  it  becomes  solid  at — li°  F.  By  the  addition 
of  a  little  more  water,  its  freezing  point  is  lowered  to^4tr  F.  Strong 
nitric  acid  absorbs  moisture  from  the  atmosphere ;  in  consequence  Absorbs 
of  which  it  increases  in  weight,  and  diminishes  in  specific  gravity.     "*">"*"»*• 

479.  When  two  parts  of  the  acid  are  suddenly  diluted  with  one  of  Mixed  with 
water,  an  elevation  of  temperature  is  produced  to  about  120^  F. ;  T^^*^* 
and  the  admixture  of  68  parts  by  weight  of  acid  of  specific  gravity  tare'riMs. 
I.fi0  with  42  parts  of  water,  both  at  60°  F.,  gives  a  temperature-  of 
140^.*     When  more  water  is  added  to  this  diluted  acid,  its  tempera- 
ture is  reduced.     Snow  or  ice  added  to  the  cold  dilute  acid  is  in- 
stantly liquefied  and  an  intense  degree  of  cold  produced. 

4S0.  When  very  concentrated  it  becomes  coloured  by  exposure  to  Effect  of 
the  sun*fl  light,  passing  first  to  a  straw  colour,  and  then  to  a  deep  *^^^  ^9^^- 
orange.     This  effect  is  produced  by  the  union  of  the  light  of  the  sun 

*  Ure.    See  table  of  strength  of  diluted  acid  in  Appendix. 
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with  oxygen,  in  consequence  of  which  the  proportion  of  that  princi- 
ple to  the  nitrogen  is  diminished.  By  e^^posing  it  to  the  sun's  rap 
in  a  gas  bottle,  the  bent  tube  of  which  terminates  under  water,  ox^' 
gen  gas  may  be  procured,     h.  i.  33i. 

4dl.  This  acid  retains  its  oxygen  with  but  little  forcey  and  beoee 
is  much  employed  by  chemists  for  bringing  bodies  to  their  maxtmiini 
of  oxidation.  It  is  decomposed  by  all  combustible  bodies,  which  ait 
oxygenized  by  it,  with  more  or  less  rapidity  in  proportion  to  their 
affinity  for  oxygen. 

Poured  on  perfectly  dry  and  powdered  charcoal  it  excites  the  com- 
bustion of  the  charcoal,  which  becomes  red-hot,  and  emits  an  ink' 
mense  quantity  of  fumes. 

Its  action  on  phosphorus  is  often  extremely  violent,  and  great         'if*  i^S. 
care  should  be  taken  to  avoid  accident.    A  few  pieces  of  phos- 
phorus may  be  placed  in  the  bottom  of  a  tall  and  strong  glass, 
and  the  acid  be  poured  upon  it  from  a  vessel  attached  to  Uie  end 
of  a  long  rod  of  wood.*    (Fig.  143.) 

All  vegetable  substances  are  decomposed  by  it.  In 
general  the  oxygen  of  the  nitric  acid  enters  into  direct 
combination  with  the  hydrogen  and  carbon  of  those 
compounds,  forming  water  with  the  former,  and  car- 
bonic acid  with  the  latter.  This  happens  remarkably 
in  those  compounds  in  which  hydrogen  and  carbon  are 
predominant,  as  in  alcohol  and  the  oils. 

It  inflames  essential  oils  when  suddenly  poured  on  them. 

Into  a  gallipot,  placed  upon  a  hearth  and  containing  about  a  table  apoonfbl  of 
oil  of  turpentine,  pour  ahout  half  the  quantity  of  the  strong  acid,  previously 
mixed  with  a  few  drops  of  sulphuric  acid.  The  moment  the  asids  come  in  con- 
tact with  the  turpentine,  a  large  quantity  of  dense  smoke  will  be  produced,  oftea 
accomnanied  witn  flame.  The  acid  should  be  poured  from  a  bottle  tied  to  the 
end  or  a  long  stick,  otherwise  the  operator's  eyes  may  bo  severely  injured. 

482.  It  is  also  decomposed  by  metals,  with  different  phenomena, 
according  to  the  affinity  of  each  metal  for  oxygen. 

This  may  be  seen  by  pouring  some  strong  nitric  acid  on  iron  filings, 
or  powdered  tin.  The  acid  must  be  of  greater  density  than  1.^ 
otherwise  it  will  not  produce  the  effect.  Violent  heat,  attended  witli 
red   fumes,  will  be   produced,  and   the  metals  will  be   oxidiied. 

When  oxidation  is  effected  through  the  medium  of  nitric  acid,  the 
acid  itself  is  commonly  converted  into  binoxide  of  nitrogen.  This 
gas  is  sometimes  given  off  nearly  quite  pure  ;  but  in  general  tone 
nitrous  acid,  protoxide  of  nitrogen,  or  pure  nitrogen,  is  disengaged 
at  the  same  time. 

483.  Nitric  acid  may  be  decomposed  by  passing  its  vapour  throggfc 
a  red  hot  porcelain  tube ;  oxygen  is  given  off,  nitrous  acid  git '» 
produced,  and  a  quantity  of  diluted  acid  passes  over  into  the  receiver* 
having  escaped  decomposition  ;  so  that  it  is  thus  proved  to  consist  of 
nitrous  acid  gas,  oxygen  and  water. 

For  experiments  of  this  kind  the  form  of  apparatus,  described  for 
the  decomposition  of  water  by  iron  (405),  may  he  employed,  omilliog 
the  condensing  worm-pipe,  and  substituting  a  porcelain  tube. 

484.  Ail  the  salts  of  nitric  acid  are  soluble  in  water,  and,  thef^ 

*See  Hare's  Compendf  171. 
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fore,  it  is  impossible  to  precipitate  that  acid  by  any  re-agent.  The  Bta-iv. 
presence  of  nitric  acid,  when  uncombined,  is  readily  detected  by  its 
strong  action  on  copper  and  mercury,  emitting  ruddy  fumes  of  nitrous 
acid,  and  by  its  forming  with  potassa  a  neutral  salt,  which  crystallizes 
in  prisms,  and  has  all  the  properties  of  nitre.  Gold-leaf  is  a  still  more  Tesu  of. 
delicate  test.  When  hydrochloric  acid  is  added  to  the  solution  of  a 
nitrate,  chlorine  is  disengaged,  and  the  liquid  hence  acauires  the 
property  of  dissolring  gold*leaf ;  but  as  the  action  of  hydrochloric 
acid  on  the  salts  of  chloric,  bromic,  iodic,  and  selenic  acids  likewise 
yields  a  solution  capable  of  dissolving  gold,  no  inference  can  be  drawn 
from  the  eiperiment,  unless  the  al^nce  of  these  acids  shall  hare 
been  previously  demonstrated.  A  very  delicate  test  has  been  pro- 
posed by  0*Shaugnessy,  founded  on  the  orange-red  followed  by  a 
yellow  colour,  which  nitric  acid  communicates  to  morphia.  The 
sopposed  nitrate  is  heated  in  a  test  tube  with  a  drop  of  sulphuric 
acid,  and  then  a  crystal  of  morphia  is  added.*  It  is  advisable  to  try 
the  process  in  a  separate  tube  with  the  sulphuric  acid  alone,  in  order 
to  prove  the  absence  of  nitric  acid.     T. 

485.  Nitric  acid  is  of  considerable  use  in  the  arts.     It  is  employed  ^'^- 
for  etching  on  copper,  as  a  solvent  of  tin  to  form  with  that  metal  a 
mordant  lor  some  of  the  finest  dyes  ;  in  metallurgy  and  assaying ; 
in  various  chemical  processes,  on  account  of  the  facility  with  which 
it  parts  with  oxygen  and  dissolves  metals  ;  in  medicine  as  a  tonic, 
kc.     For  the  purposes  of  the  arts  it  is  commonly  used  in  a  diluted  .  ^^ 
state,  and  contaminated  with  the  sulphuric  and  hydrochloric  acids,  by  fonii .' 
the  name  of  aqua-fortisA 

Section  IV.     Carbon. 

8ymb.  <^.  Gr,  (hypothetical.)  Chem.  BqMv. 

C.  0.4215  air    si  By  Vol.    100 

6.18    Hydacl  **  Wght.    tt.lS 

486w  The  purest  form  of  carbon  is  the  diamond ;  from  its  powers  Purest 
of  refracting  light,  Newton  inferred  that  it  was  a  combustible  body.  ^'"^' 
The  diamond  is  the  hardest  substance  in  nature.  Its  texture  is 
crystalline  in  a  high  degree,  and  its  cleavage  very  perfect.  Its  pri- 
mary form  is  the  octohedron.  Its  specific  gravity  is  3.52.  Acids 
and  alkalies  do  not  act  upon  it ;  and  it  bears  the  most  intense  heat 
in  cloae  vessels  without  fusing  or  undergoing  any  perceptible 
change.  Heated  to  redness  in  the  open  air,  it  is  entirely  consumed. 
Lavoiaier  first  proved  it  to  contain  carbon  by  throwing  the  sun's 
raya,  concentrated  by  a  powerful  lens,  upon  a  diamond  contained  in 
a  Teasel  of  oxygen  gas.  The  diamond  was  consumed  entirely,  oxy- 
gen disappeared,  and  carbonic  acid  was  generated.  It  has  since 
beei  demonstrated  by  the  researches  of  others,  that  carbonic  acid  is 
the  product  of  its  combustion,  t 


t,  1S89— 30. 

t  This  is  oArn  prvpsred  by  mixing  common  nitra  with  an  equal  weight  of  sulphate 
•f  iroD,  aad  half  ita  weight  of  the  same  sulphate  calcined,  and  distilling  the  mixture ; 
•r  by  mixrig  nitre  with  twice  its  weiffbt  of  dry  powdered  dar.  and  distilling  in  a 
icvprheratory  furnace.  Two  kinds  are  found  in  the  shops,  one  called  double  aqua-for^ 
lit,  which  is  aboat  half  the  strength  of  nitric^acid  -,  the  other  simply  aqua-fortiB,  wlikh 
IS  half  the  atnagth  of  the  double. 

t  For  a  description  and  plates  of  the  Tarioos  forms  of  apparains  contrived  for  the 
CTiwbastioa  of  the  diamond,  see  Henry's  and  Brande's  vols.  i.  \  also  Isi  and  2d 
eduioaa  of  tlua  ManuaU 


162 


Carbon. 


Chap,  in. 


Charcoal. 


Method  of 

preparing 

charcoal. 


Lamp- 
black. 


Anima] 
charooaL 


Iti  proper- 
ties. 


Com)  108- 
tion  in  ox- 
ygen. 


Absorbing 
power. 


487.  Guyton-Morveau  inferred  from  his  experiments  that  the  dia- 
mond is  pure  carbon,  and  that  charcoal  is  an  oxide  of  carbon.  Ten- 
nant  burned  diamonds  by  heating  them  with  nitre  in  a  gold  tube; 
and  comparing  his  own  results  with  those  of  Lavoisier  on  the  com- 
bustion of  charcoal,  he  concluded  that  equal  weights  of  diamond  aod 
pure  charcoal,  in  combining  with  oxygen,  yield  precisely  equal 
quantities  of  carbonic  acid.  He  was  thus  induced  to  adopt  the  opin- 
ion, that  charcoal  and  the  diamond  are  chemically  the  aame  tob- 
stance  ;  and  that  the  diflference  in  their  physical  character  ia  solely 
dependent  on  a  diflference  of  aggregation."^  This  conclusion  was 
confirmed  by  the  experiments  of  Allen  and  Pepys,t  and  Davy.t  i 

Another  form  of  carbon  is  charcoal,  the  purest  variety  of  which  it 
latnp-blackM 

4S8.  Charcoal  maybe  prepared  b^ heating  pieces  of  wood,  cofe^ 
ed  with  sand,  to  redness,  and  keeping  them  in  that  state  for  aboat 
an  hour.  They  are  converted  into  a  black  brittle  substance,  which 
appears  to  be  the  same  from  whatever  kind  of  wood  it  has  been  pro* 
cured. 

Lamp-black  is  prepared  from  refuse  and  residuary  resin.  When 
lamp-black  has  been  heated  red-hot  in  a  close  vessel,  it  may  be  cod* 
sidered  as  very  pure  carbon.  A  very  pure  charcoal  is  obtained 
from  spirits  of  wine. 

Animal  charcoal,  or  ivory  black,  is  a  mixture  of  charcoal  and  pbiM> 
phate  of  lime,  prepared  by  exposing  bones  to  heat  in  a  close  vesseL 
The  quantity  of  charcoal  obtained  from  different  kinds  of  wood  is 
liable  to  much  variation.  ' 

489.  Charcoal  is  black,  insoluble,  inodorous,  insipid,  and  brittle ; 
an  excellent  conductor  of  electricity,  but  a  bad  conductor  of  heat ;  uih 
changed  by  the  coAibined  action  of  air  and  moisture  at  common  tem- 
peratures ;  and  easily  combustible  in'oxygen  gas.  The  combustion  of 
charcoal  in  oxygen  has  been  already  noticed.  (367)  The  product  of 
the  combustion  is  carbonic  acid  gas,  the  oxygen  neither  increasiog 
nor  diminishing  in  volume,  but  becoming  heavier  by  the  quantity  of 
carbon  which  combines  with  it ;  every  sixteen  parts  of  oxygen  takt 
up  six  uf  carbon. 

490.  Charcoal  likewise  absorbs  the  odoriferous  and  colouringpria* 
ciples  of  most  animal  and  vegetable  substances.  When  coloured 
infusions  of  this  kind  are  digested  with  a  due  quantity  of  charcoal,  a 
solution  is  obtained,  which  is  nearly  if  not  quite  colourless.  Tainted 
flesh  may  be  deprived  of  its  odour  by  this  means,  and  foul  water  bs 
purified  by  filtration  through  charcoal.  The  substance  coromoalj 
employed  to  decolorize  fluids  is  animal  charcoal  reduced  to  a  fisi 
powder.  It  loses  the  property  of  absorbing  colouring  matters  by 
but  recovers  it  by  being  heated  to  redness.  i 


*  Phil,  TratiM.  for  1797.  t  Ibid,  1807.  I  Ibid,  1814. 

S  The  latter  chemist  did  indeed  obterre  the  prod  action  of  a  minnle  qiiaiitUr 
daring  the  combaation  of  the  parett  charcoal^  indicatiTe  of  a  trace  ol'  hydrofM;  Nl 
its  quantity  is  so  small,  that  it  cannot  \*e  regarded  as  a  necessary  conaiitoeat  h 
proves  only  that  a  trace  of  hydrogen  is  retained  by  chorcoal  with  soch  foite,  that  il 
cannot  be  expelled  by  the  temperature  of  ignition.    T. 


II  Graphite^  or,  as  commonly  called  black  Icad^  is  a  natural  compoond  of 
iron  ',  some  Tarieties  appear  to  he  a  peculiar  form  of  carbon,  leaving  very  Kttit 
um  when  burned.    Anthracite  is  another  variety. 


Carbonic  Jleid.  153 

491.  The  charcoal  of  wood,  besides  its  use  as  a  fuel,  is  necessary  Btt.iv. 
to  the  preparation  of  that  kind  of  iron  which  is  used  for  wire;  to  the  Use  in  the 
cementation  of  steel ;  and  to  the  preparation  of  gunpowder.     From  "^• 

the  powerful  aflinity  which  it  has  for  oxygen  at  a  high  temperature, 
it  i.^  constantly  employed  for  deoxidating  the  metals  and  many  other 
substances. 

The  charcoal  prepared  from  pit-coal,  called  coke,  is  less  pure,  and,  Ooke. 
besides  other  substances,  generally  contains  sulphur,  but  it  has  the 
ad?antage  of  being  heavier  and  more  compact,  in  consequence  of 
which  it  is  better  adapted  for  burning  in  furnaces  in  which  there  is  a 
powerful  blast  of  air.     H.  i.  330. 

492.  When  large  quantities  of  charcoal,  in  a  state  of  minute  divi-  Spooune- 
sion,  are  left  undisturbed,  spontaneous  combustion  generally  ensues,  J"««*«- 
and  occasionally  with  charcoal  in  fragments  of  considerable  size,  charcoal. 
This  has  been  attributed  to  the  action  of  air  and  moisture  on  minute 
quantities  of  potassium  present  in  the  coal.^ 

493.  The  hypothetical  density  of  the  vapour  of  carbon,  calculated  I>«Mity. 
as  explained  at  page  33,  is  0.4215,  and  100  cubic  inches  of  it  should 
weigh  13.0714  grains. 

Carbon  and  Oxygen, 

494.  There  are  two  compounds  of  carbon  and  oxygen ;  carbonic 

oxid^  and  carbonic  acid  gases.     Carbonic  oxide  gas  is  theoretically  Compoaiidt 
considered  as  a  coropi)und  of  100  measures  of  the  vapour  of  carbon  «f  cartxm 
and  50  of  oxygen  condensed  into  100  measures  ;  and  carbonic  acid  gen.^^' 
gas,  of  100  measures  of  the  vapour  of  carbon  and  100  of  oxygen 
condensed  into  100  measures. 
The  composition  of  these  compounds  of  carbon  is  as  follows : —     Comoow- 

■yi  Owrbon.  Oxygen.  £f«to.      Fmmulm.  tion. 

CvboBie  oxide      6.13  or  1  cq.    +    6  or  1  eq.  =:  14.19  C+O  or  C. 
CMMNkic  acid        6.12  or  1  oq.    +  16  or  2  oq.  =  22.12  C+20  or  C. 

Carbonic  Acid. 

495.  Carbonic  acid  was  discovered  by  Black  in  1757,  and  de-^^fj^ic 
tcribed  Irjr  him  under  the  name  of  fixed  air.     He  observed  the  exist- 
ence of  this  gas  in  common  limestone  and  magnesia,  and  found  that 

it  mmj  be  expelled  from  these  substances  by  the  action  of  heat.  It 
may  be  obtained  by  burning  carbon,  either  pure  charcoal  or  the  dia- 
mond, ID  oxygen  gas.  The  best  mode  of  procuring  it  for  experiment 
consists  in  acting  upon  marble  (carbonate  of  lime)  by  dilute  hydro-  Procestee. 
chloric  acid.  The  hydrochloric  acid  takes  the  lime,  and  carbonic 
ftcid  gas  escapes  with  effervescence. 

For  tbia  purpooe  the  marble,  in  fracmenti,  it  placed  in  the  gaa  bottle  (Fig.  85 
<M-  86)  and  nyorodiiloric  acid,  previously  diluted  witli  water,  poured  upoo  it :  im« 

*Scf  Aabert*f   paper  00  this  subject  in  Phil,  Mag.  and  Ann.   N  S.,  Vol.  iz. 
Us,  nd  Hadfitld's  and  Dariet*!  papers  io  Land,  and  Edin.  Phil.  Mag.  iii. 

on 
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Carbm  and  Oxygai. 


Fig.  to. 


Chip.  til.   msdiate  eScireicciMe  eoMiei,  and  tba  gu  i* 

ooDTBjed  by  ibo  bent  pipa  lo  an  inverted  j« 

on  the  ihelF  of  the  pnoumatic  trough,  (Fi«. 
96,  07.)     When  the  action  ceuei,  it  maybe 
renewed  by  the  addition  of  freali  acid  until 
ibe  marble  is  dissolved. 
Or  iho  apparalua,  (Fig.  141,)  may  be  am- 

floyed,  thb  acid  being  poured  down  the  tube 
,  which  pasaoa  10  the  bottom  of  the  two 
necked  bonle,  a. 

As  dubonic  acid  gaa  ia  heavier  than  at- 
mOBpheric  air  it  may  alio  be  obtained  by 
meanaoftho  apparalui,  (Fig.  115)  ;  aii  along 
glaaa  lube  proceeding  from  the  bottle  conlun- 
ing  Ibe  mnrble  and  acid,  and  paanng  davrn  to  ilin  boilom  of 
the  Ur  i,  which  itanda  with  \U  moulb  uppermoat.  The  cai^ 
bonic  acid  will  eipel  the  common  air  tiom  the  Jar. 

Piopertiea.  496.  Carbonic  acid,  as  thus  procured,  is  a  colour- 
less, inodorous,  elastic  fluid,  which  possesses  all 
the  physical  characters  of  the  gases  in  an  eminent 
degree,  and  requires  a  pressure  of  thirtyslx  almoa- 

Eheres  lo  condense  it  into  a  liquid.  The  eiacl  know- 
idge  of  its  density  is  still  an  important  desidera- 
tum:    it    is   estimated  at    1.524  by   Dulong   and     .  

BerzeJius,  and  at  1.5277  by  Thomson.*  If  its  specific  gravity  a  e»- 
tiniBied  as  1.3239,  100  cubic  inches  should  weigh  47.2^6  gre.   T. 

Abanriied         497,  Carbonic  acid  may  be  collected  orer  water,  bat  must  be  pn- 
'  "**''     served  in  vessels  with  glass-stoppers,  since  water,  at  common  tMnpe 
rature  and  pressure,  takes  up  its  own  volume. 

En.  Fill  partly  a  jar  with  thia  gaa,  and  let  it  aland  a  few  boiira  over  WBlar.    Aa 

■bfonlion  will  gradually  go  on,  till  at  laM  none  will  remun.  TbU  ahmpboaii 
infinitely  quicker  when  agitation  ia  used.  Repeat  the  above  eipenD»Bt,mk 
thia  ditlcrcace,  that  the  jar  muit  be  Bhaken  strongly.  A  veir  rapid  dimiantiM 
will  now  take  place.  In  thia  manner,  viaur  may  tie  charna  with  ntbar  mtn 
than  its  awn  bulk  or  carbonic  acid  gas ;  and  it  acquirea,  wben  tbaa  salimlad.  a 
brisk  and  pleaaaDl  taste. 

Waui  im-  49S.  The  effervescent  quality,  and  brisk,  pungent  taste  of  fermnt- 
pngaafl-  ed  liquors  is  due  to  the  presence  of  this  gas,  as  is  likewise  that  of 
many  mineral  waters.  The  latter  are  often  imitated  by  condensioj 
carbonic  acid  into  water,  either  by  a  condensing  pump,  ttf  which  1 
description  is  given  by  Pepy's,t  or  by  a  Noolh'a  apparatus,  u  n 
sented  in  Fig.  146.t 

•  F^nl  Prinapla,  i.  H3. 

t  Quor.  Jour.  ofSd.  and  the  Am,  vol,  it.  p.  30t. 

tit  coosista  or  Ihree  vencli,  the  loweal,  a,  Oat  ai 

•i_u>.  u>^  ^  *°  ^""^  *  •t«'"'T  aupporl !  it  coalain*  the  maleriala  for  evolv. 


the  gtapped  aperture.  The  gas  puaea  through  the  lube  b,  a, 
which  ii  a  s'asi  Talre  upening  upvardi,  into  Ibe  leiiel  c,  coolaia- 
iag  the  water  or  aolutioa  intended  to  be  saturated  with  the  gaa, 
and  which  may  occasioDally  be  drawn  00*  by  the  glass  stop-cock. 
Into  Ihit  dips  Ibe  tube  of  Iha  uppermost  vessel  d,  which  occa- 
aiona  some  prcMnre  on  Ihe  gaa  in  e,  and  alio  produce)  a  cimilalioD 
and  agilstioD  of  the  water.  At  the  top  of  rf  is  a  conical  iioppir, 
which  acta  as  an  occaaioaal  valve,  and  kcepi  up  a  degree  of  praaauia 
in  Iha  Taaaela. 


Catbomc  ^dd—pnpertiet  of. 
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Tba  ««cap«  of  cubnnic  &cid  fiom  r*niiBnt*d  lianora 
maj  b«  ihown  by  pluinc  three  or  four  oancM  of  >]•  or 
porter  in  a  jar  or  tuba,  (fir  147}  twantjor  mora  inchei 
IS  height,  uQ  Iheplala  of  tha  air-pump,  cavaring  it  with 
■  tall  leceiver,  and  eibauatjng  tba  air.  The  totm  will 
tiaeand  eourely  fill  the  jar  or  tube. 

Under  a  pressure  of  two  atmospheres  water 
diasolrea  twice  its  volutne  of  this  gaa,  and  so 
on.  It  thus  becomes  briak  and  tart,  and  red- 
dena  delicate  vegetable  blues.  By  freeiing, 
iMiliog,  or  exposure  to  the  vacuum  of  the  air- 
pump,  the  gws  is  given  off. 

Flaea  a  (amblar  of  wUer  nhichbaa  been  impregoatad 
with  thii  ga*  (the  lodi-watai  of  the  ihope  for  eiample) 
DDdei  tha  lecAivei  of  the  aii-pump,  anil  exhauat  it ;  tha 
pa  will  earape  ao  npidlj  ai  lo  pn>teDt  the  appeanuice 
of  cbiHIiiiDn;  and  will  lie  much  more  rettiarkaljla  than 
tha  diacharga  of  air  rroni  another  vewel  of  common 
^nog  water,  confiuod  at  the  wune  time  under  the  receiver. 

499.  If  the  impregnated  wnter  be  rapidly  concealed,  by  surround*  Eiti,ii«) 
ing  it  with  a  miiiure  of  snow  and  salt,  the  frozen  water  baa  more  by  ftceiing. 
the  appearance  of  snow  than  of  ice,  its  bulk  being  prodigiously  in- 
crvued  by  the  immense  number  of  air  bubbles.     When  water,  ihua 
congealed,  is  liquefied  again,  it  ia  found,  by  its  taste,  and  other  pro- 
perties, to  have  lost  nearly  the  whole  of  its  carbonic  acid. 

600.  Carbonic  acid  extinguishes  burning  substances  of  all  kinds,  I)°**aM 
■nd  the  combustion  doea  not  cease  from  the  want  of  oxygen  only.  It  "f^. 
exert!  ■  positive  influence  in  checking  combustion,  aa  appears  fromtion. 
the  fact  that  a  candle  cannot  bum  in  a  gaseous  mixture  composed  of 
foar  measures  of  atmospheric  air  and  one  of  carbonic  acid.      < 

Thia  mar  be  ihown  bjr  aotting  s  Teaael  filled  with  (he  gia,  with  the  mouth  up-  Bip. 
warda,  ami  leltiog  down  a  lighted  caodla. 

Tha  aipaiimenl   may  be   raried   hy  placing  oaar  the  veaael  containing  tha 
carbonic  acid  gai,  a  limilai  ope  filled  with  oiygen  gaa,  and  if  the  candle,  alter 
■     I.  .  •.!. — eedily  immetaird 
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carDooK  acid  ni,  a  iimilai  one  filled  with  oiygen  gaa,  and  it  i 
baiiV  aitinniiahed  by  the  carbonic  acid  be  ipeedily  immetaitd  in 
il  wul  be  lelighlad,  and  ihia  may  be  repealed  aa  long  a*  the  ga» 

SOI.  It  is  not  belter  qualified  to  support  the  respiration  of  animaln ;  ^ 
for  its  presence,  even  in  moderate  proportion,  is  soon  fatal.*  An  ani- 
mal cannot  live  in  air  which  contains  sufficient  carbonic  acid  for  ex- 
linguisbing  a  lighted  candle  ;  and  bence  the  practical  rule  of  letting 
down  ft  burning  taper  into  old  wells  or  pits  befor«  any  one  ventures 
to  descend.  If  the  light  is  extinguished,  the  air  is  certainly  impure ; 
mod  ibere  is  generally  thought  to  be  no  danger  if  the  candle  conti- 
ones  lo  burn.  But  instances  have  been  known  of  the  almnspbere 
bein^  anfficiently  loaded  with  carbonic  acid  to  produce  insensibility, 
and  yet  not  so  impure  ns  to  extinguish  a  burning  candle. t  When 
an  attempt  is  made  to  inspire  pare  carbonic  acid,  violent  spasm  of 


il  gaf ,  bullarfliei,  aad  ather  iaHCta,  the  coloun  o 

,  .br  ihe  purpoae  ofcahintl  apecimeni.  may  be  loSo 

a  mode  orkilliag  Ihem  bj  the  fume*  of  anlpbar.     H. 

ibrid^,  where  a  candle  n 
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Oit^iVL  the  glottis  takes  place,  which  prevents  the  gas  from  eDtering  the 
lungs.  If  it  be  so  much  diluted  with  air  as  to  admit  of  its  passing 
the  glottis,  it  then  acts  as  a  narcotic  poison  on  the  system.  It  it  this 
gas  which  has  often  proved  destructive  to  persons  sleeping  in  a  con- 
fined room  with  a  pan  of  burning  charcoal. 
Heavier  502.  Carbonic  acid  gas  is  heavier  than  atmospheric  air,  and  may 

pheric^r.'  ^  poured  from  one  vessel  into  another  like  water. 
iSxp.  Place  a  lighted  taper  at  the  bottom  of  a  tall  clan  jar,  and  pour  the  gas  oat  cf  a 

bottle  into  it ;  it  descends  and  extuigaishcs  the  flame,  and  will  remain  a  lo^g 
time  in  the  lower  part  of  the  jar. 

Hence  in  wells  and  in  some  caverns,  carbonic  acid  gas  frequently 

occupies  the  lower  parts,  while  the  upper  parts  are  free  from  iu  The 

miners  call  it  choak  damp. 

Possesses       603.  When  combined  with  water  this  gas  reddens  vegetable  co- 

**rUM^     lours.     This  may  be  shown  by  dipping  into  water,  thus  inopregnated, 

^   "'       a  bit  of  litmus  paper,  or  by  mixing,  with  a  portion  of  it,  aboat  aa 

equal  bulk  of  the  infusion  of  litmus.     This  establishes  the  title  of  the 

gas  to  be  ranked  among  acids.  When  an  infusion  of  litmus  which  has 

been  thus  reddened,  is  either  heated,  or  exposed  to  the  air,  its  bhie 

colour  is  restored,  in  consequence  of  the  escape  of  the  carbonic  acid. 

This  is  a  marked  ground  of  distinction  from  most  other  acids,  the 

efiect  of  which  is  permanent,  even  after  boiling. 

Test  of  iu      504.  Carbonic  acid  gas  precipitates  lime-water — this  character  of 

P'*^"***     the  gas  affords  a  ready  test  of  its  presence,  whenever  it  is  suspected. 

Exp.  PaM  the  gas  as  it  proceeds  from  the  materialH,  through  a  portion  of  Uroe-imv. 

This,  thougii  perfectly  transparent  before,  will  grow  milky  :  Or,  Diix  equal  OMfr 
•ures  of  water  saturated  with  carbonic  acid,  and  lime-water. 

By  means  of  lime-water,  the  whole  of  any  quantity  of  carbonic 
acid,  existing  in  a  mixture  of  gases,  cannot,  however,  be  removed,  but 
recourse  must  be  had,  in  order  to  effect  an  entire  absorption,  to  a  sih 
lution  of  caustic  potassa  or  soda."*^ 
A  product  505.  As  all  common  combustibles,  such  as  coal,  wood,  oil,  wax, 
UoD*"  ***  tallow,  dec.  contain  carbon  as  one  of  their  component  parts,  so 
the  conibustion  of  these  bodies  is  always  attended  by  the  productioB 
of  carbonic  acid. 

Exp.  1-  l^ct  the  chimney  of  a  portable  furnace,  in  which  charcoal  it  bamiiigti^ 

minate,  at  a  distance  sufficiently  remote  to  allow  of  its  being  kept  cool,  in  ths 
bottom  of  a  barrel,  provided  with  a  moveable  top,  or  of  a  large  glass  vessel,  haviiit 
two  openings.  A  small  jar  of  lime-water  bcins  let  down  into  the  tube  or  veswl, 
and  agitated,  the  lime-water  will  immediately  become  milky.  The  gas  will  alM 
extinftiish  burning  bodies,  and  prove  fatiU  to  animals  that  are  confined  in  it. 

^P*  *4.  Fill  tlic  pneumatic  trougu  with  lime-water,  and  burn  a  candle,  in  a  jtf 

filled  with  atmrmpheric  air,  over  the  lime-water  till  the  flame  is  oxtingiiislM& 
On  agitating  the  jar,  the  lime-water  will  become  milky.  The  same  appearenea 
will  take  place,  more  speedily  and  remarkably  if  oxygen  gas  be  lubstitnted  kt 
common  air.    U.  1.351. 

And  of  res-     506.  It  is  also  produced  by  the  respiration  of  animals;  hence  itii 
pirauoo.      detected  often  in  considerable  proportion,  in  crowded  and  illuminated 

rooms,  which  are  ill-ventilated,  and  occasions  difficulty  of  breathing* 

giddiness,  and  faintness. 

*  If  excess,  either  of  the  gas  or  of  its  sqoeous  solution,  l>e  added  to  the  lime 
tbt  precipitate  is  re-dissolved,  carbonate  ol  lime  being  soluble  in  carbonic  add. 
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The  production  of  carbonic  acid,  by  respiration,  may  be  proved  by    Sact-ir, 
blowing  the  air  from  the  Inn^,  with  the  aid  of  a  quill,  through  lime* 
water,  which  will  become  milky. 

607.  Carbonic  acid  retards  the  putrefaction  of  animal  substances.  Retard*  pa- 
It  exerts  powerful  effects  on  living  vegetables.     These   ^A*®^^*  l^  "ff**!!^* 
however,  vary  according  to  the  mode  of  its  application.     Water  sa-  q^  Tegeta- 
turated  with  this  gas,  proves  highly  nutritive  when  applied  to  the  blet. 
roots  of  plants.     The  carbonic  acid  is  decomposed,  its  carbon  form- 
ing a  component  part  of  the  vegetable,  and  its  oxygen  being  liberated 
in  a  gaseous  form. 

On  the  contrary,  carbonic  acid,  when  a  living  vegetable,  is  con- 
fined in  the  undiluted  gns  over  water,  is  injurious  to  tha  health  of 
the  plant,  especially  in  the  shade. 

It  13  this  process  of  nature  that  appears  to  be  the  principal  means 
of  preventing  an  excess  of  carbonic  acid  in  the  general  mass  of  the 
atmosphere,  which,  without  some  provision  of  this  kind,  must  gradu- 
ally, in  the  course  of  ages,  be  rendered  less  and  less  fit  for  respira- 
tion. 

606.  Carbonic  acid  was  first  obtained  in  a  liquid  form  by  Faraday,  Liqoerac- 
from  carbonate  of  ammonia  and  sulphuric  acid.     Very  strong  tubes  JJ[I.°»^nic 
are  required,  and  even  those  which  have  held  fluid  carbonic  acid  for  acid, 
many  days,  have,  upon  a  slight  elevation  of  temperature,  spontane- 
ously exploded  with  great  violence.     Great  care  is  necessary,  and 
the  protection  of  a  glass  mask,  goggles,  &c.,  in  repeating  the  pro- 
cess with  glass  tubes.     The  liquid  acid  is  a  limpid,  colourless  body, 
extremely  fluid,  distilling  readily  at  the  difference  of  temperature 
between  32^  and  0^.     Its  refractive  power  is  much  less  than  that  of 
water.     Its  vapour  exerts  a  pressure  of  thirtysix  atmospheres'  at  a 
temperature  of  32^,^ 

A  safer  method  of  obtaining  the  liquid  acid  as  contrived  by  Thil-  Solidifica- 
lorier,  is  with  the  aid  of  a  strong  metallic  apparatus  in  which  it  may  ^'®°  ^^' 
be  condensed  mechanically.  When  allowed  to  escape  from  a  stop- 
cock attached  to  the  receiver,  the  liquid  gas  expands  with  so  much 
rapidity  that  great  absorption  of  caloric  attends,  and  a  part  of  the  gas 
is  rendered  solid,  resembling  snow.  A  reduction  of  temperature  to 
— 102^  it  said  to  have  been  obtained  by  this  means;  hence  mercury 
can  be  readily  frozen  by  it.t 

•  nmday,  PkU.  Trana. 

t  Sec  Land,  and  Edin.  PhU.  Mag.  z.  168. 

Tke  experimeots  of  Thillorier  have  been  repeated  by  Mitchell  of  Philadelphia,  by 
mrans  of  ao  apparatus  conaistiog  of  two  strong  Tcssels  of  cast  iron.  The  two  tessels 
cao  be  firmly  attached,  a  stop-cock  being  interposed.  The  gas  is  generated  in  the 
larfer  veaael.  The  materials  employed,  are  U  lbs.  of  bicarbonate  of  soda,  24  oances 
of  water,  and  9  oances  of  sulphuric  acid ;  the  latter,  being  placed  in  a  smaller  Tessel 
which  is  eodoaed  in  the  cylinder,  is  not  allowed  to  come  m  contact  with  the  bicarlio- 
Baie  of  aoda  until  the  aperture  by  which  it  is  introduced  has  been  firmly  secured,  when 
the  cylinder  is  brought  to  a  horizontal  position  and  the  litjuids  are  mingled.  The  re> 
eeiver,  preriou4ly  cooled  by  ice,  is  now  attached,  and  the  liquid  carliooic  acid  allowed 
to  nist  into  it,  from  which  it  may  be  permitted  to  escape  a9  wanted. 

The  preKSure  at  38^  was  found  by  Mitchell  to  lie  36  atmospheres,  at  6C®,  60  atmos- 
pheres, and  at  86^,  73  atmospheres.  The  condensed  aciil  otttaincd  by  Mitchell,  when 
recently  formed  was  al»out  the  weight  of  carbonate  of  magnesia,  perfectly  white,  and 
of  a  soft  and  spong[y  teiture.  It  evaporates  rapidly,  l>ecoming  colder,  and  the  mass  may 
t«  kept  for  some  time.  A  quantity  weighing  346  grains  lost  from  three  to  four  grains 
per  nuonte  at  firat,  but  did  not  enurely  disappear  for  three  hours  and  a  half.    The  na- 
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Chap,  in.  509.  Carbonic  ocid  combines  with  bases,  and  the  compoaods  an 
Carbon-  termed  carbonates :  as  it  is  usually  retained  in  combination  hv  ^reiy 
ites.  feeble  affinity,  so  it  is  evolved  from  most  of  the  carbonates  by  the 

simple  operation  of  heat.     Thus  chalk,  when  heated,  gives  oat  ct^ 
Efierrea-     bonic  acid,  and  becomes  quicklime.     It  is  also  evolved  from  its  com- 
cence.         binations  by  most  of  the  other  acids,  with  effervescence. 
Methods  of     510. 'The  quantity  of  carbonates  in  any  saline  mass,  may  be  at- 


ing  qnanti-  certained  by  noting  the  quantity  of  carbonic  acid  disengaged. 

ties  of  car-  may  be  done  by  measuring  the  volume  of  gas,  or  by  ascertaining  its 

*«^«^i^-  weight. 

Id  the  first  case,  the  easiest  method  of  proceeding  is  to  fill  a  long  tubs  (doni 
at  one  end,  and  capable  of  containing  two  or  three  cubic  inches),  nearly  lUl  ti 
mercury,  filling  it  completely  afterwards  with  hydrochloric  acid  diluted  with  M 
equal  quantity  of  water.  The  thumb  is  placed  over  this,  after  dipping  it  in  oil, 
or  rubbing  it  over  with  a  little  gas  lute,*  the  tube  inverted,  and  placed  in  a  cof 
of  mercury.  One  or  two  grains  of  the  solid  salt  are  then  introduced  iMto  the  tak§^ 
(the  experiment  is  most  easily  performed  with  a  fi'agment  of  some  caibooats,) 
and  the  moment  it  rises  to  the  top,  and  comes  in  contact  with  the  acid,  the  car- 
bonic acid  is  disonfaged  with  enervcscencc,  depressing  the  merctnj.  end  ib 
amount  is  estimated  by  examining  the  volume  which  it  occupies  and  mauking  tha 
usual  correctioils ;  one  equivalent  of  carbonic  acid  indicating  one  eqiUTmleat  of  a 
carbonate,  whatever  may  be  the  nature  of  the  base. 

In  the  other  method,  a  thin  glass  flask  or  bottle,  of  the  form  shown  in  Fig.  148^ 
is  placed  on  one  of  the  scales  of  a  balance  with  some  hydrochloric  acid,  ilg.  lA 
and  accurately  counterpoised  along  with  a  given  weight  of  the  sub- 
stance under  examination,  and  the  bent  tube  passing  through  a  cork, 
which  fits  to  the  mouth  of  the  flask.  This  tube  is  put  in  when  the  acid 
and  carbonates  are  mixed  together,  to  prevent  any  loss  from  particles  of 
liquid  that  may  be  thrown  up  during  tne  effervescence,  and  it  is  evident 
that,  by  addinc  weights  to  the  scale  on  which  the  glass  vessel  is  placed 
(when  the  enervescence  has  finished),  till  it  is  again  counterpoised, 
they  will  indicate  tlie  Quantity  of  carbonic  acid  that  has  been  evolved ; 
wei^hin^  it  the  second  time,  the  cork  and  tube  should  be  taken  out  till  the 
bonic  acid  gas  in  the  interior  has  been  blown  out  gently  by  a  pair  of  belkywis.t 

A  convenient  mode  is  by  means  of  an  alkaltmeier.     Into  a  tube  w&aM  tf 
one  end,  9^  inches  long,  |ths  of  an  inch  in  diameter,  and  as  cylindrical  at  posih 
Alkalime-    ble  in  its  whole  length,  pour  1000  grains  of  water,  and  with  a  file  or  diunondtBflrfc 
ter.  the  place  where  its  sunace  reaches,  divide  the  space  occupied  by  the 


tural  temperature  was  76^—79°.    The  temperature  of  the  mass  cootinoed  to 

which  was  acceleraied  by  any  means  for  increasing  the  evaporation.     At  its  I 

the  carbonic  snow  depressea  the  thermometer  to  about — 86.    The  greatest  eoMfi^ 
duced  hy  the  solid  acid  in  the  air  was— 109®,  under  an  exhausted  receiver— t SI*. 

Mercury  placed  in  a  cavity  in  it  and  covered  up  with  the  same  sobstaeeStVa 
frozen  in  a  few  seconds.    At  about — 110®  liquid  sulphurous  acid  was  frcnea,  mi  tf 


—130^  alcohol  of  .798  assumed  a  viscid  and  oily  consistence,  and  at — 146^  was  fifes 
melted  wax.  Alcohol  of  .820  froze  readily.  A  piece  of  solid  carbonic  acid  tffir' 
to  the  skin  produced  a  gbsstly  white  spot,  and  in  nf\een  seconds  raised  a  blitMr. 

Its  specific  gravity  at  32®  P.  was  .93,  at  43®  6,  .8825.    Lic^nid  carbonic  acid  dli  i 
appear  to  act  upon  any  of  the  metals  or  oxides.    When  the  liouid  acid  has  ' 


ill  a  tuhe  of  glass,  the  tube  may  be  melted  off  and  hermetically  sealed.  9Bch  anftt 
will  always  retain  the  liquid,  or  gas;  the  former,  if  in  sufllcient quantity,  eialllM- 
peratures,  if  not,  the  latter  alone  will  be  found  in  it  at  high  temperatures.  Id  sari  • 
tube  mointure  appears  at  56®,  and  a  constantly  elongating  cylinder  of  liooid  lisHiM 
the  coldness  increases :  at  32®  the  cylinder  is  about  half  an  inch  in  length.  8H 
Mitchell's  paper  and  plate  in  the  Jour,  of  Pranktin  Institute,  vol.  zzii,  sad  A*<r* 
Jour.  XXXV.  346. 

*  This  is  a  very  convenient  lute  for  rendering  joints  in  apparatus  tight,  sad  is  cms* 
posed  of  one  part  of  wax  and  three  of  lard  heat^  together  until  of  aniforni( 

tReid. 
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Flf.  149.        8Mt  IV. 


100  equal  parta,  af  ihown  in  Fig.  149.  Oppoiite  to  the  numbers  23, 
44,  48,  96,  54,  63,  and  65  draw  a  line,  and  at  the  first  write  soda, 
at  the  aecond  potataa,  at  the  third  carbonate  of  soda,  and  at  the  fourth 
carbonate  of  potaasa.  Prepare  a  dilute  acid  having  the  specific  gra- 
Titj  of  1.127  at  60^,  which  ma^  be  made  bj  mixing  one  measure  of 
coQccntrated  sulphuric  acid  with  four  measures  of  distilled  water. 
This  is  the  standard  acid  to  be  used  in  all  the  experiments,  being  of 
■nch  strength  that  when  poured  into  the  tube  tillit  reaches  either  of 
the  four  marks  just  mentioned,  we  shall  obtain  the  exact  quantity 
Mceasary  for  neutralizing  100  grains  of  the  alkali  written  opposite  to 
it.  1^  when  the  acid  reaches  the  words  earb.  potassa^  and  when, 
consequently,  we  have  the  exact  quantity  which  will  neutralize  100 
mins  of  that  carbonate,  pure  water  be  added  until  it  reaches  0,  or 
OM  beginning  of  the  scale,  each  division  of  this  mixture  will  neutral- 
ize  one  grain  of  carbonate  of  potaasa.  All  that  is  now  required,  in 
order  to  ascertain  the  quantity  of  real  carbonate  in  any  specimen  of 
paarlash,  is  to  dissolve  lOO  grains  of  the  sample  in  warm  water,  filter 
to  remove  all  the  insoluble  parts,  and  add  the  dilute  acid  in  succes- 
sive small  quantities,  until,  oy  the  test  of  litmus  paper,  the  solution 
ii  eiactly  neutralized.  Each  division  of  the  mixture  indicates  a  grain  of  pure 
earbooate.  It  is  convenient  in  eonducting  this  process,  to  set  aside  a  portion  of 
the  alkaline  liquid,  in  order  to  neutralize  the  acid,  in  case  it  should  at  first  be 
added  too  freely.* 

Carbonic  Oxide  A 

611.  Carbonic  Oxide^  discovered  by  Priestley,  is  usually  obtained  Carbonic 
by  tabjecting  carbonic  acid  to  the  action  of  substances  which  abstract  ^^^*- 
a  portion  of  its  oxygen.     Upon  this  principle,  carbonic  oxide  gas  is 
produced  hy  heating  in  an  iron  retort  a  mixture  of  chalk  and  char- 
coftl ;  or  of  equal  weights  of  chalk  and  iron  or  zinc  filings.     It  is 
also  obtained  by  the  distillation  of  the  white  oxide  of  zinc  with  one  How  ob- 
eighth  of  itn  weight  of  charcoal,  in  an  earthen  or  glass  retort ;  from  ^°^> 
the  acmles  which  fly  from  iron  in  forging,  mixed  with  a  similaf  pro- 
portion of  charcoal ;  from  the  oxides  of  lead,  manganese,  or,  indeed, 
of  alcDOst  every  imperfect  metal,  when  heated  in  contact  with  pow- 
dered charcoal.     It  may  also  be  obtained  from  the  substance  which 
renwiiM  aAer  preparing  acetic  acid  from  acetate  of  copper.     But  the 
mixture  that  aflTords  it  most  pure,  is  equal  parts  of  carbonate  of  ba* 
rjta  and  clean  iron  filings ;  these  should  be  introduced  into  a  small 
ettrthen  retort,  so  as  nearly  to  fill  it,  and  exposed  to  a  red  heat :  the 
first  portion  of  gas  being  rejected  as  mixed  with  the  air  of  the  retort, 
it  may  afterwards  be  collected  quite  pure. 

6\i.  A  Tery  elegant  mode  of  preparing  carbonic  oxide  has  been  Dumas's 
•Qggested  by  Dumas.t  The  process  consists  in  mixing  binoxalate  process. 
of  potana  with  five  or  six  times  its  weight  of  concentrated  sulphuric 
acidv  and  heating  the  mixture  in  a  retort  or  other  convenient  glass 
▼eaaeL  Effervescence  soon  ensues,  owing  to  the  escape  of  gas,  con* 
stating  of  equal  measures  of  carbonic  acid  and  carbonic  oxide  gases  ; 
and  on  absorbing  the  former  by  an  alkaline  solution,  the  latter  is  left 
in  a  state  of  perfect  purity.  To  comprehend  the  theory  of  the  pro- 
cess, it  is  necessary  to  premise,  that  oxalic  acid  is  a  compound  of 
carbonic  acid  and  carbonic  oxide,  or  at  least  its  elements  are  in  the 
proportion  to  form  these  gases ;  and  that  it  cannot  exist  unless  in 
combination  with  water  or  some  other  substance.  Now  the  sulphu- 
ric acid  unites  both  with  the  polassa  and  water  of  the  binoxalate. 


•  Faraday's  Cktm,  Man^, 
t  Uia.  Jbitf*.  qfSd,  vi.  MO. 


t  For  CompositioD,  Ac.  see  (4M.) 
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Chap  III,  and  the  oxalic  acid  being  thus  set  free,  is  instantly  decomposed. 
Oxalic  acid  may  be  substituted  in  this  process  for  binozalate  of 
potassa. 

It  may  also  be  obtained  by  transmitting  carbonic  acid  gas  over 
charcoal  ignited  in  a  porcelain  tube.  The  acid  gas  combines  with 
an  additional  dose  of  charcoal,  loses  its  acid  properties,  and  is  con- 
verted into  carbonic  oxide. 
Properties.  513.  Carbonic  oxide  gas  is  colourless  and  insipid.  It  does  not 
affect  the  blue  colour  of  vegetables  in  any  way ;  nor  does  it  combiooi 
like  carbonic  acid,  with  lime  or  any  of  the  pure  alkalies.  It  is  very 
sparingly  dissolved  by  water.  Lime-water  does  not  absorb  it,  nor  it 
its  transparency  affected  by  it. 

514.  The  nature  of  this  gas  was  first  made  known  by  Craiekshank, 
of  Woolwich,  in  1802,"*^  and  about  the  same  time  it  was  examined 
by  Clement  and  Desormes.t 

It  extinguishes  flame,  and  burns  with  a  pale  blue  lambent  Kglit^ 
when  mixed  with,  or  exposed  to  atmospheric  air.    The  temperatan 
of  an  iron  wire  heated  to  dull  redness  was  found  by  Davy  safBcitnt 
to  kindle  it. 
„    .  515.  A  mixture  of  carbonic  oxide  and  oxygen  gases  may  be  mads 

wi^  oTj-    ^^  explode  by  fiame,  by  a  red-hot  solid  body,  or  by  the  electric  spaiL 
^n.  If  they  are  mixed  together  in  the  ratio  of  100  measures  of  camnie 

oxide  and  rather  more  than  50  of  oxygen,  and  the  mixture  is  inflaai* 
ed  in  Volta's  eudiometer  by  electricity,  so  as  to  collect  the  prodndof 
the  combustion,  the  whole  of  the  carbonic  oxide,  together  with  0 
measures  of  oxygen,  disappears,  and  100  measures  of  carbonic  add 
gas  occupy  their  place.  From  this  fact,  first  ascertained  by  BerthoDeli 
and  since  confirmed  by  subsequent  observation,  it  follows  that  carbonic 
oxide  contains  half  as  much  oxygen,  and  as  much  carbon,  ascarboaie 
acid.  Accordingly  its  density  should  be  0.4215  (sp.  gr,  of  carbon  Ta> 
Deniitr  pour)+0.5512  (half  the  sp.  gr.  of  oxygen  gas)  =0.9727,  which  is  lbs 
number  found  experimentally  by  Dulongand  Berzelius.  Hence  100 
cubic  inches  should  weigh  30.1650  grains.     T. 

516.  It  is  extremely  noxious  to  animals,  and  fatal  to  them  if  eoa* 
fined  in  it.  When  respired  for  a  few  minutes  it  produces  giddiaav 
and  fainting,     if  pure  it  almost  instantly  causes  profound  coma. 

517.  When  a  mixture  of  hydrogen  and  carbonic  acid  gam  ii 
Analvsis.    ^l^^'^ri^^d.  a  portion  of  the  latter  yields  one  half  of  its  oxygen  to  tk 

former ;  water  is  generated,  and  carbonic  oxide  produced.  On  slefr 
trifying  a  mixture  of  equal  measures  of  carbonic  oxide  and  prolonle 
of  nitrogen,  both  gases  arc  decomposed  without  change  of^  volitfM 
and  the  residue  consists  of  equal  measures  of  carbonic  acid  and  ai- 
trogen  gases.  The  carbonic  oxide  should  be  in  very  slight  eumft 
in  order  to  ensure  the  success  of  the  experiment.  On  this  fact  ii 
founded  Henry's  method  of  analyzing  protoxide  of  nitroseii. 

515.  When  a  mixture  of  carbonic  oxide  with  more  Uian  half  iH 
Andspongy  volume  of  oxygen  gas,  is  exposed  over  mercury,  in  contact  wA 
plaiinuxn,    spongy  platinum,  to  a  temperature  between  300**  and  310**  F.,itfcfr 

gins  to  be  converted  into  carbonic  arid,  and  at  a  heat  of  a  few^ 

*  NicholtoQ't  4to  Jcur.  v.  t  Ann,  de  Oiim,  xslmo. 
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grees  higher,  is  wholly  acidified  in  the  course  of  a  few  minutes,    s^cuv. 
Mixtures  of  these  two  gases  are,  however,  very  slowly  acted  upon  by 
the  platinum  sponge  at  common  temperatures.^ 

519.  None  of  the  metals  eiert  any  action  upon  this  gas,  except  By  potassi- 
potassium  and  sodium,  which  at  a  red  heat,  burn  in  it  by  abstracting ^j"^'^^ '^' 
its  oxygen,  and  carbon  is  deposited. 


Section  V.     Sulphur, 

Sjftnb.  ^.  Gr.i  Equir, 

S.  6.MS8  air  =  1  By  Vol.     16.66 

96.60    Hyd.=:  1  "  Wght.  16.1 

520.  Sulphur  is  a  brittle  substance,  of  a  pale  vellow  colour ;  insi-  PropertiM. 
pid  and  inodorous,  but  exhaling  a  peculiar  smell  when  heated.     Its 
specific  gravity  is  1.99.     It  becomes  negatively  electrical  by  heat  and 

by  friction. 

Sulphur  is  principally  a  mineral  product,!  and  occurs  massive  and 
crrstallixed  in  the  form  of  an  oblique  rhombic  octohedron.  Its  crys- 
tals are  in  a  high  degree  doubly  refractive. 

Massive  sulphur  is  chiefly  brought  from  Sicily  ;  it  occurs  native,  NatiTe  inl- 
and   is    found    associated    with    sulphate    of   lime,    sulphate  of^     ' 
strootia,  and  carbonate   of  lime :   it   is  common  among  volcanic 
products.     Sulphur  occurs  also  in  some  mineral  waters,  partly  in 
a  free  and  partly  in  a  combined  state,  in  combination  with  soda.^ 

Rcill*sulphur  is  chiefly  obtained  from  native  metallic  sulphurets.  Roll, 
which  are  roasted  and  the  fumes  received  into  a  long  chamber  of 
brick-work,  where  the  sulphur  is  gradually  deposited  :  it  is  then  pu* 
rified  by  fusion,  and  cast  into  sticks.     It  conducts  heat  imperfectly, 
andv  if  grasped  by  the  warm  hand,  splits  with  a  crackling  noise. 

521.  The  fusing  point  of  sulphur  is  210''  F.     Between  230''  and  Action  of 
280^  it  is  as  liquid  as  a  clear  varnish,  and  of  the  colour  of  amber ;  ^^^' 

at  about  320^*  it  begins  to  thicken,  and  acquire  a  red  colour ;  on  in- 
creasing the  heat,  it  becomes  so  thick  that  it  will  not  pour.  From 
482^  to  its  boiling  point  it  becomes  thinner,  but  never  so  fluid  as 
at  248^. 

When  the  most  fluid  sulphur  is  suddenly  cooled,  it  becomes  brit- 
tle, but  the  thickened  sulphur,  similarly  treated,  remains  soft,  and 
more  soft  as  the  temperature  has  been  higher.    In  this  state  it  is  ap-  Us«. 
plied  to  takinff  impressions  from  engraved  stones,  &c.il 

522.  Fused  sulphur  has  a  tendency  to  crystallize  in  cooling,  and  Crvfialli- 
by  good  management  regular  crystals  may  be  obtained.  zMiion  of, 

For  lliis  purpoaa  several  pounda  of  aulphur  ahould  be  melted  in  a  crucible ; 
and  wbeD  psrtitUy  cooled,  the  outer  solid  crust  should  be  pierced,  and  the  cruci- 
ble auickK  inverted  so  that  the  fluid  mirtion  witliin  may  gradually  flow  out,  on 
breaking  the  solid  mass,  when  quite  cold,  crystals  of  sulphur  will  be  found  in  the 
iairriar. 

Fused  sulphur  will  remain  fluid  at  common  temperatures,  and  so- 
lidify when  touched  by  a  fragment  of  sulphur  or  a  thread  of  glass. 

*  Pkii.  TVont.  1824,  p.  271.  t  In  state  of  vapour. 

t  It  is  said  to  have  been  detected  in  several  vegetaliles  and  in  gum  aralitc.— Jamc- 
««Q*s  Jour.  siv.  ITS.  f  Johnson's  report,  Rep,  Bril,AM9oe.  1S32. 

RSeedircctioDsinDamas'sTVatt^deGUm.  1.185. 
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Chap,  ni.       523.  Sulphur  is  very  volatile.     It  begins  to  rise  slowly  in  vapour 
Vaporiza-    even  before  it  is  completely  fused.     At  550°  or  600°  F.  it  volatilizes 
tioo  of.        rapiilly,  and  condenses  again  unchanged  in  close  vessels.     Comiuon 
sulphur  is  puritied  by  this  process;  and  if  the  sublimation  be  cod- 
.    ducted  slowly,  the  sulphur  collects  in  the  receiver  in  the  form  of  de- 
tached crystalline  grains,  called  Jlowers  of  sulphur.     In  this  slate 
however,  it  is  not  quite  pure  ;  for  the  oxygen  of  the  air  within  the 
apparatus  combines  with  a  portion  of  sulphur  during  the  process,  and 
forms  sulphurous  acid.     The  acid  may  be  removed  by  washing  the 
flowers  repeatedly  with  water. 

524.  Sulphur  is  insoluble  in  water,  but  has  been  supposed  to  unite 
Lacsul-      with   it   under  favorable  circumstances,   forming    what   has   been 
phurit.       called  Lac  snlphuris  and  hydrate  of  sulphur,  but  whicli  is  coDside^ 
ed  by  Berzelius  as  sulphur  with  a  minute  portion  of  hydrogen.  It  dis- 
solves in  boiling  oil  of  turpentine,  and  is  also  soluble  in  alcohol  if 
both  substances  are  brought  together  in  the  form  of  vapour.     The 
sulphur  is  precipitated  from  the  solution  by  the  addition  of  water. 
Contains         525.  Sulphur  retains  a  portion  of  hydrogen  so  obstinately  that  it 
hydrogen,    cannot  be  wholly   freed  from  it  either  by  fusion   or  subhmatioa. 
Davy  detected  its  presence  by  exposing  sulphur  to  Voltaic  electricity, 
when  some    hydrosuiphuric  acid  gas  was  disengaged.     The  hy- 
drogen, from  its  minute  quantity,  can  only  be  regarded  as  an  acci- 
dental impurity,  and  as  not  essential  to  the  nature  of  sulphur. 
Density  of      526.  The  density  of  sulphur  vapour  was  found  by  Dumas  to  lie 
iisTapour.  between  6.51  and  6.617,  and  by  Mitscherlich  to  be  6.9  :*  its  density 
by  calculation  (page  32)  is  6.6558.     Hence,  could  the  Tapour  con- 
tinue as  such  at  60^  F.  and  30  bar.,  100  cubic  inches  should  weigb 
206.4076  grains. 
Test  of  the     527.  The  purity  of  sulphur  may  be  judged  of  by  heating  it  gradn- 
purityof     ally  upon  a  piece  of  platinum  leaf;  if  free  from  earthy  impurities,  it 
sulphur,      giiould  totally  ei'aporate.     It  should  also  be  perfectly  soluble  in  boil- 
ing oil  of  turpentine.! 
Products  of     52S.  When  sulphur  is  heated  in  the  open  air  to  300**  or  a  Ktde 
itscombus-  higher,  it  kindles  spontaneously,  and  burns  with  a  faint  blue  light 
In  oxygen  gas  its  combustion  is  far  more  vivid  ;  the  flame  is  nach 
lariier,  and  of  a  bluish  white  colour.     Sulphurous  acid   is  the  pro- 
duct in  both  instances  ; — no  sulphuric  acid  is  formed  even  in  oxygn 
gas  unless  moisture  be  present. 

The  oxygen  in  the  oxide  and  acid  of  neutral  sulphates  is  in  the 
ratio  of  1  to  3 ;  so  that  when  the  composition  of  a  metallic  oxide, 
and  the  quantity  of  acid  by  which  it  is  neutralized  are  known,  the 
equivalent  of  sulphur  may  be  calculated.  On  this  principle  h» 
Equivalent.  Berzelius  inferred,  Jrom  the  composition  of  sulphate  of  the  oxide  of 
lead,  that  the  equivalent  of  sulphur  is  16.12;  and  the  numbered 
tained  by  Turner  in  the  same  way  from  the  same  salt  and  from  ni- 
phate  of  baryta,  is  16.09.  As  a  mean  of  these  results,  16.1  maybe 
taken  as  the  equivalent  of  sulphur.  The  number  16is,  fornsBj 
purposes,  a  sufficient  approximation. 

*  Ann.  de  Chini'  it  dc  Phya.  It.  S. 

t  A i kin's  Did>  article  Svlphur.     It  sometimes   contains   artcnic,  lor  dfUil"! 
which  see  Braode's  Jour.  N.  S.  t. 
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Sulphur  and  Oxygen.     Stdphurous  Add. 

Composition. 

i^.  iir.  C'lcm.  Equir.    Sul.  Oxy.  Equip. 

2.2117  air      =1       By  Vol.     loO.      16.1  or  I  cq.4-i6  or  2  eq.  =  32.1 
I!yd.=l         "   Wght. 


Swi.  V. 


F\tnn. 

S^20  or  S 

32.10     I!yd.=l         "   Wght.  32.1. 

529.  Sulphurous  acid  is  a  gaseous  body  and  may  be  obtained  by  How  ob- 
burning  sulphur  in  common  air  or  oxygen  gas  under  a  bell  glass.  i«incd. 
It  is  al.<(o  procured  by  abstracting  part  of  the  oxygen  from  sulphuric 

acid.  This  may  be  done  in  several  ways.  If  chips  of  wood,  straw, 
or  cork,  oil  or  other  vegetable  matters  be  heated  in  strong  sulphuric 
acid,  tfvc  carbon  and  hydrogen  of  those  substances  deprive  the  acid 
of  a  part  of  its  oxygen,  and  convert  it  into  sulphurous  acid.  Nearly 
all  the  metals,  with  the  aid  of  heat,  have  a  similar  etfoct. 

530.  The  most  usual  method  is  by  putting  two  parts  by  weight, 
of  mercury,  and  three  of  sulphuric  acid  into  a  glass  retort,  and  then 
raising  the  heal ;  sulphurous  acid  gas  is  formed,  and  may  be  col- 
lected and  preserved  over  quicksilver.  Half  an  ounce  of  mercury 
is  sufficient  for  the  production  of  several  pints  of  the  gas.  This  gas 
may  also  be  obtained  by  introducing  powdered  charcoal  into  a  retort 
and  pouring  over  it  concentrated  sulphuric  acid,  until  on  shaking  it, 
the  mass  appears  moist.  On  heating,  a  constant  stream  of  a 
mixture  of  two  volumes  sulphurous  acid  and  one  of  carbonic  acid 
ga5es  is  given  otf,  which  continues  till  the  mass  becomes  dry.'^ 

As  this  gas  is  heavier  than  air,  when  a  mercu- 
rial trough  is  not  at  hand,  the  student  may  collect 
it  in  bottles,  by  the  arrangement  shown  in  Fig. 
150.  The  bent  tube  passes  loosely  through  the 
neck  of  the  receiver,  but  is  tixod  to  the  gas  bottle 
by  means  of  plaster-of-paris  and  water. 

531.  Water  takes  up  33  times  its  bulk  of  this 
gSLS^  it  must  therefore  be  collected  in  jars  or  bot- 
tles filled  with  mercury  and  over  the  mercurial 
trough,  t 


FiK    IJO. 


Collected 
in  bottles. 


Absorbed 
by  water. 


i  apparatQS  for  collectinff  this  niul  other  gasGi:  which  arc  absorbed  by  water,  is 

to  ibai  fiir  collectiiisr  other  gases.  The  trough  may  l)e  made  o!  woihI,  marble, ;,  *[]^|I""* 

He,  or,  what  is  prclenible,  cu.si  in>n,  well  vanii$>hsi(  to  prevent  its  rusting. 


Fig.  151. 


*  Knczaorek  in  Baumgartncr's  Zcitfchrift^  ix. 

tThe 
•iini'tar 

i>u«p*toiie 

Kij.  151  represents' a  convenient  mer- 
c«rial  trough  j  which  may  t»e  17  inches 
Wof.  7  brund,  anil  6  deep.  The  mercury 
does  DAt  paM  uniier  the  shelf,  so  ihnt  the 
horfj  of  the  tmagh  is  only  abiiut  half  as 
brvHsJ  l<elofr  the  shelf  as  above,  and  it  is 
immdrd  at  the  liottom  to  save  an  anneoo«  • 
sarr  (joantitv  of  mercury.  The  lour  niches 
«4'i»a.  at  ine  edge  of  the  shelf,  arc  to 
receive  the  beaks  of  retorts,  the  jarK  being 
plared  orer  them ;  the  rotis  attached  to  two 
of  (he  sides  of  the  trough  are  inten.icd  tr> 
si^ari)  any  tall  jsr  lett  upon  the  shelf.  Such  ^  trou;;h  acquires  about  140  pounds  of 
mercury,  when  a  number  of  jars  are  used.     Also  see  Fig.  10.f. 

The  jars  for  the  mercurial  trough  should  he  at  leant  one  tenth  of  an  inch  in  tbick- 
aes*.  thiHi;;h  not  more  than  two  iiichr-s  in  dininoter:  they  oui^ht  also  to  lie  ground  at 
iSe  rluen  that  they  may  be  rcmovtvl  ♦•nsjly.  when  lull  of  gas,  on  a  Hal  gl:i«i«  plnlo  rub- 
bf  J  over  with  a  Itttle  giis  lute,  without  luring  anv  of  their  contenlM.  The  inoreurial 
trngh  »h<iuld  i>e  placed  in  a  large  sheet  iron  tray,  to  prevent  the  loss  of  mercury. 
Biottinff  paper  is  constaotly  raquired  to  remove  any  acid  or  water  that  may  collect  on 
the  mrnca  of  the  nercttry,  and  afitr  any  acid  gas  has  been  prepared  over  it,  the  mcr- 
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Chap.  III. 
Exp. 

Exp. 
Bleaches. 


Exp. 


Noxious. 


Davy's  an- 
alysis. 


Decomposi- 
tion. 


ConTsrted 
into  sul- 
phuric acid 


Remove  a  jar,  filled  with  the  gas,  bj  means  of  a  flat  glass  plate  held  firmlv  toit, 

'  or  place  the  thumb  or  finger  on  the  mouth  of  a  small  bottle  or  tube  filled  with 

tho  gns,  and  tuko  it  off  under  water.     The  gas  will  be  al>tMirlird  and  the  water  bt 

forced  up  the  vrsMcl  with  violence.     The  acid  property   of  the  gas  will  also  be 

evident  if  the  water  be  coloured  with  purple  cabbage. 

The  experiment  may  be  varied  by  inverting  the  vessel  over  mercury,  and  pssh 
ing  a  (iinall  (quantity  or  water  up  through  the  mercury  ;  the  latter  will  rise,  sad 
tho  water  will  be  seen  to  absorb  many  times  its  own  bulk  of  the  gas. 

532.  Sulphurous  acid  has  considerable  bleaching  properties.  It 
reddens  litmus  paper,  and  then  slowly  bleaches  it.  Most  vegetable 
colouring  matters,  such  as  those  of  the  rose  and  violet,  are  speedily 
removed,  without  being  first  reddened.  It  is  remarkable  that  the 
colouring  principle  is  not  destroyed  ;  for  it  may  be  restored  either  bv 
a  stronger  acid  or  by  an  alkali.  Prepared  by  the  combustion  of  snh 
phur,  it  is  much  u.<<cd  for  bleaching  cotton  goods^  and  also  for  whit- 
ening silk  and  wool ;  in  wine  countries  it  is  sometimes  used  to  check 
vinous  fermentation.  It  restores  the  colour  of  sirup  of  violets, 
which  has  been  reddened  by  other  acids. 

A  pleasing  instance  of  its  effect  on  colours,  may  be  exhibited  bv  holdlpg  A 
red  rose  over  the  blue  flame  of  a  common  match,  by  which  the  coloar  will  n 
discharged  wherever  the  sulphurous  acid  comes  in  contact  with  it,  so  m  to  lifr 
der  it  beautifiilly  variegated,  or  entirely  white.  If  it  be  then  dipped  into  wilMt 
the  redness,  aAer  t  short  time  will  be  restored. 

533.  This  gas  has  a  suffocating  nauseous  odour,  and  aa  astrin- 
gent taste ;  it  extinguishes  flame,  and  kills  animals ;  it  is  exceed- 
ingly deleterious  to  vegetables,  even  in  very  minute  quantity  and 
proportion.! 

534.  Davy  proved  that  sulphurous  acid  gas  contains  exactly  its 
own  volume  of  oxygen,t  and  consequently  the  difTcrence  in  the 
weights  or  specific  gravity  of  these  gases  (2.2117 — 1.1024=1.1093), 
gives  the  weight  of  sulphur  combined  with  tho  oxygen.  The  sul- 
phur and  oxygen  are  thus  found  to  be  in  the  ratio  of  1.1093  to  1.1024 
or  16.1  to  16.     T. 

535.  Sulphurous  acid  suffers  no  change  at  a  red  heat,  but  if  mixed 
with  hydrogen,  and  passed  through  a  red-hot  tube,  water  is  foniied 
and  sulphur  deposited  ;  under  the  same  circumstances,  it  is  also  de- 
composed by  charcoal,  by  potassium  and  sodium,  &ic, 

536.  Sulphurous  acid  is  converted  to  the  state  of  sulphuric  acid  by 
restoring  oxygen  to  it. 

A  mixture  of  oxygen  and  sulphurous  acid  gases,  both  perfectly 
dry,  and  standing  over  mercury,  is  not  diminished  during  some 
months ;  but  if  a  small  quantity  of  water  be  added,  the  mixture  begins 
to  diminish,  and  sulphuric  acid  is  formed.  Or  if  water  impregnated 
with  sulphurous  acid  be  exposed  to  oxygen  ^as  in  a  tube,  the  oiy- 
gen  in  10  or  14  days  is  imbibed  and  sulphuric  acid  formed.     The 

cury  should  always  he  washed  with  water,  and  dried  with  a  towel  and  bloittiif  ptvcr* 
A  red-hot  poker  held  for  a  short  lime  in  the  mercur}' enables  this  to  bedoosBM* 
efleciually  ;  it  is  in  this  manner  also,  thai  mercury  is  most  conveniently  breoghtlti 
proper  temperature  when  it  is  required  to  be  heated  for  particular  expenments. 

The  beak  of  the  rciort  must  Ite  placed  near  the  surface  of  the  mercury,  that  tbi  |M 
may  have  to  overcome  as  little  raMstancc  as  |M>ssiMe  in  rising  through  the  heavy  liiflf 
should  this  not  lio  attended  to.  the  reiurts  may  l>e  hroken  by  the  pressure  from  ailUi 
No  firv«  should  l>e  ciljected  till  the  atmo>pheric  air  has  been  all  expelled  from  ths  f^• 
lort.     See  Reid's  EUements  ofPrac.  Chem, 

•  Quart.  Jour,  qf  Sci.  iv.  196. 

t  See  Turner's  exptrimertta  on  the  ^ect  of  goMCM  on  vegtUMea^  Brevsiec's  ivirw 
Jin.  1S98.  t  EtemenU^  378. 
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ame  gases  in  a  state  of  mixture,  by  the  action  of  elecuicity  or  by   s^cu  v 
eing  driTen  through  a  red-hot  porcelain  tube,  afibrd  sulphuric  acid. 
The  proportions  required  for  mutual  saturation  are  two  measures  of 
ulphurous  acid  and  one  of  oxygen  gas. 

To  a  portion  of  water  saturated  with  sulphuroiifl  acid  gas  add  a  little  oxide  Exp. 
f  manganese,  a  aubitanoe  that  contains  much  oxygon  loosely  combined ;  the 
ungent  smell  of  the  water,  and  the  other  characteristics  o€  sulphurous  acid  will 
MM  disappear.    H.  1.  386. 

537.  Sulphurous  acid  combines  with  metallic  oxides,  and  forms 
alts  which  are  called  sulphitest  which  are  decomposed  by  sulphuric 
cidf  and  then  emit  the  characteristic  odour  of  sulphurous  acid. 

638.  Liquid  sulphurous  acid  is  obtained  by  transmitting  the  dry  Lianid 
•ure  gas  through  a  glass  tube  surrounded  by  a  freezing  mixture  of 
now  and  salu     It  boils  at  14°,  and  from  the  rapidity  of  its  evapora- 

ion  causes  intense  cold.^ 

639.  Faraday,  by  producing  sulphurous  acid  from  mercury  and  Liqoefac- 
ODcentratcd  sulphuric  acid  sealed  up  in  a  bent  tube,  obtained  it  in  a  ^^i^o^*"!- 
iquid  state,  very  limpid  and  fluid,  and  quite  colourless.     Its  refrac-  acid'^. 
ire  power  appeared  to  be  nearly  equal  to  that  of  water.     It  does  not 
olidify  at  a  temperature  of  0    F.     When  a  tube  containing  it  is 
pened,  it  does  not  rush  out  as  with  an  explosion,  but  a  portion  of 

be  liquid  evaporates  rapidly,  cooling  another  portion  so  much  as  to 
rmve  it  in  a  liquid  state  under  common  barometric  pressure.  It  ra- 
idly  dissipates,  however,  without  appearing  in  visible  fumes,  but 
riih  a  strong  odour  of  sulphurous  acid,  leaving  the  tube  perfectly 
ry.  A  piece  of  ice  dropped  into  the  fluid  instantly  made  it  boil 
*oiD  the  heat  communicated  to  it.  The  specific  gravity  of  liquid 
ulphurous  acid  is  about  1.42,  at  46°  F.  it  exerts  a  pressure  of  about 
Yo  atmospheres. t 

Sulphuric  Acid, 

Composition. 

/Vm.        5^.  Or.  (anhyctrout)        Ckem.  Equio.    Sulph.  Ory.  Eguiv, 

2.7629  air    =1  By  Vol.    100.       16.1  or  1  eq.+84  or  3  eq.=4U.l 

••-•OorS      40.10     Hyd.=!  '*  Wgkt.    40  1. 

540.  Sulphuric  acid  has  been  long  known  under  the  name  of  oil  Fuming 
r  vitriol,  and  is  supposed  to  have  been  discovered  by  Basil  Valen-  Jford*hsu- 
oe  in  the  16th  century.     It  is  prepared  in  large  quantities  for  the  sen. 
urposes  of  the  arts.     At  Nordhausen,  in  Germany,  the  sulphate  of 
sicle  of  iron  (green  vitriol)  is  decomposed  by  heat,  and  a  dense  oily 
quid  of  a  dark  colour  is  obtained,  which,  from  its  emitting  white 
imes,  is  known  as  fuming  sulphuric  acid.     It  has  a  specific  gravity 
r  1.8B6  or  1.90 1 

641.  In  the  United  States  and  most  other  places,  sulphuric  acid  is  xjsual  pro. 
aaoafactured  from  sulphur  and  nitrate  of  potassa.  cuks, 

TIm  mixture  is  burned  in  a  large  room  or  chamber  lined  with  lead  and  coTcr- 
d  lo  the  depth  of  several  inches  with  water.  The  sulphur  is  converted  into 
llpburous  arid  during  its  combustion,  and  a  portion  of  it  into  sulphuric  acid  by 
MBbiniiif  with  some  of  the  oxygen  of  the  nitre,  nitrous  acid  and  binoxide  of  nitro- 
an  being  disengaged.  The  sulphurous  acid  combines  with  the  nitrous  acid  and 
watery  vapour,  forming  a  crystalline  compound  which  is  decomposed  by 


*  See  Bussy*s  process  in  Bost.  Jour,  of  PhUo$.  il  359. 

t  Phil.  TVaiu.  1823,  p.  190.    Sulphurous  acid  is  employed  io  some  diseases  under 
fee  aame  of"  Salphur  baths/'  for  a  description  rf  which,  see  Dumas'  TVoil^,  vol.  i.  152. 
t  For  daimils  see  Turner  IM,  and  Amer.  Jour  Sd.  xx.  847. 
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Chap.  in.   ^^6  water  at  tho  bottom  of  the  chamber,  being  converted  into  sulphurie  acid, 

■  which  romiiins  in  combination  with  the  water,  and  binoxide  of  nitrogen  gM, 

which  M  diKongnged.  All  the  binoxide  rises  in  the  chamber,  and  mixing  wiUi  a 
fresh  quantity  of  atmospheric  air,  combines  with  the  oxygen  and  ibrois  a  denss 
ruddy  vapour  (nitrous  ucid),  which  immediately  fiillu  down  in  consequence  of  in 
great  speciHc  gravity,  and  meeting  with  more  sulphur  ousacid  and  watery  vazMor, 
a  crystalline  compound  is  again  formed,  which  is  resolved  as  before  into  aulpburie 
acid  and  binoxidu  of  nitrogen.  In  this  manner,  a  small  quantity  of  nitre  is  mads 
to  communicate  or  hand  over,  as  it  were,  a  larse  quantit}^  of  oxygen  from  the  air 
to  tlie  sulphurous  acid,  and  the  same  series  of  combinations  and  dccooipotitioai 
ffoes  on  till  tho  water  at  the  bottom  of  the  chamber  has  become  strongly  acid, 
ft  is  then  boiled  in  leaden  vessels  to  expel  a  part  of  the  water,  and  the  coneea- 
tration  finished  in  large  glass  retorts  in  a  sand  oath,  or  in  platinum  retoitaplaDed 
over  tho  open  fire. 

Theory  542.  The  theory  of  the  preparation  of  sulphuric  acid  may  be  illiii- 

illustrated,  jra^^jj  y^ry  beautifully  on  the  small  scale  by  making  sulphurous  acid 

and   nitrous  acid  meet  together  in  a  glass  vessel,  and  as  the  experi* 

ment  is  intended  solely  for  illustration,  the  sulphurous  acid  may 

be  prepared  by  the  decomposition  of  sulphuric  acid. 

Into  one  of  the  small  retorts,  (Fig  1«>3,)  Fig.  15^ 

which  should  be  large  enough  to  hold 
about  three  or  four  ounces  of  water  when 
full, — put  400  grains  of  mercury  and  GOO 
grains  of  sulphuric  acid,  and  into  the  other 
So  or  90  grains  of  sugar.  Heat  the  first 
retort  by  a  chauffer,  and  when  tho  sulphu 
*  rous  acid  begins  to  come  over,  pour  300 

grains  of  nitric  acid  over  the  sugar,  previ- 
ously diluted  with  an  equal  bulk  of  water, 
and  hout  the  retort  gently  till  the  nitrous 
acid  fumes  begin  to  come  over,  which  are 
formed  by  the  su^ar  attracting  oxygen 
from  llio  nitric  ucid.  When  the  gases 
meet  in  the  large  j:ir,  (into  which  the  re- 
torts are  fixed  by  being  around  to  the  tu- 
huliiros,  or  having  their  beaks  passed 
through  corks  fitted  to  them,)  a  crystalline  compound  is  soon  deposited  on  the 
sides  of  the  vcsnel  in  beautiful  dendritical  crystals,  which  oflen  cover  its  vbcde 
surface.  Remove  tho  retorts  when  either  the  sulphurous  or  nitrous  acid  ceaars 
to  come  over,  and  pour  a  little  water  into  tho  vessel ,  a  brisk  efrerve«cence  will 
take  placu  wlicrevtT  it  comes  in  contact  with  the  crystalline  compound,  whiefc 
is  rcHolved  intu  binoxide  of  niirogen  and  sulphuric  acid,  the  former  produriag 
ruddy  coloured  fumes  as  it  comes  into  contact  with  the  air,  and  the  latter  beiag 
retained  in  combination  with  the  water.     Keid. 


Iinpurilie.4. 


543.  Sulphuric  acid  obuiined  by  the  usual  process  is  not  pure, 
b?iii;<:  coiitatninated  by  poia^sa  and  the  oxide  of  lead,  and  sometimes 
iron,  ihe  first  derived  from  the  niiro,  and  the  two  lulicr  from  the 
loadcn  chamber.  To  separate  them  the  acid  should  bo  distilled 
from  a  jrlass  or  platinum  retort.  The  former  may  be  safely  used  by 
puilin;*'  into  it  some  pi.'cos  of  platinum  leaf,  which  cau?es  the  acid 
to  boil  freely  on  applying  heit,  without  danger  of  breaking  the  ves- 
sel. Arsenious  acid,  derived  from  arsenic  in  the  sulphur  used  in 
tho  manufacture,  has  been  lately  detected  in  most  of  tho  oil  of  vitriol 
made  in  Germany,  and  from  that  source  arsenic  is  introduced  into 
preparations  for  which  such  acid  is  employed,  as  into  phosphorus  sod 
Detected,  hydrochloric  acid.  It  is  discovered  by  diluting  with  water  and  traai- 
mi'.-inij  througli  the  solniion  hyiirosulphuric  acid  2ra.'»,  which  causes 
or;itncnt  lo  be  lorrncd.  The  oil  of  vitriol  may  be  purified  from  ar- 
son iou:^  acid  by  adding  a  little  hydrated  peroxide  of  iron  before  dis- 
tilling.   T. 


Arseninus 
acid. 
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The  oil  of  vitriol  of  commerce  often  contains  sulphate  of  lead,    Sect,  v. 
which   may   be  detected  in  the  cold  acid,  by  adding  a  few   drops  Hayes's 
of  hydrochloric  acid.     The  precipitate  is  allowed  to  subside  and  the  ^**'  for  sul- 
clear  acid  decanted.*  fead^®  ° 

544.  Sulphuric  acid   of  commerce  is  a  limpid,  colourless  fluid,  of  properties, 
a  thick  and  oily  consistence,  having  a  specific  gravity  of  1.84 ;  it  is 
acrid  and  caustic*  and  even  when  largely  diluted  with  water  produc- 
es a  verv  sour  liquid. 

645.  ft  boils  at'620®  and  freezes  at — 15^,  contracting  at  the  same  BoUing 
tiiDe  considerably  in  its  dimensions.  But  the  temperature  at  which  ^^°^* 
the  diluted  acid  congeals  is  singularly  modified  by  the  quantity  of 
water  which  it  contains.  At  the  specific  gravity  of  1.780  it  freezes 
at  45°  ;  but  if  the  density  be  either  increased  or  diminished,  a  great- 
er cold  is  required  for  its  congelation.!  Its  boiling  point  diminish- 
es with  its  dilution. 

546.  It  is  acrid  and  caustic,  and  when  diluted  with  water,  pro- 
duces a  very  sour  liquid.  When  mixed  suddenly  with  water,  (66)  «. 
considerable  heat  is  produced.  Four  parts  by  weight,  of  concentra-  with  water. 
ted  sulphuric  acid,  and  one  of  water,  when  mixed  together,  each  at 
the  temperature  of  SO''  F.  have  their  temperature  raised  to  300°. 
The  greatest  elevation  of  temperature,  Ure  finds  to  be  occasioned  by 
the  sudden  mixture  of  73  parts  by  weight  of  strong  sulphuric  acid 
with  27  of  water. 

647.  It  rapidly  absorbs  water  from    the  atmosphere.      Even  a  Imbibes 
boiling  temperature,  when  it  is  concentrated,  does  not  prevent  its  "*°'**'*''' 
taking  up  moisture  from  the  air ;  hence  it  cannot  be  concentrated  so 
well  in  an  open  as  in  a  close  vessel,  on  which  account,  retorts  of 
glass  or  platinum,  are  used  for  the  last  stage  of  its  concentration  by 
the  manufacturers. 

It  chars  animal  and  vegetable  substances,  and  is  apt  to  acquire  a 
brown  tinge  from  any  smalt  particles  of  straw,  resin,  or  other  mat- 
ters that  may  accidentally  have  fallen  into  it. 

548.  The  strength  of  sulphuric  acid  is  best  judged  of  by  diluting  Method  of 
a  known  weight  of  the   acid   moderately  with   water,  and   while  jng  the  ° 
warmi  adding  pure  anhydrous  carbonate  of  soda,  until   the   solution  strength  of 
ts  exactly  neutral.     Every  53.42  parts  of  the  carbonate  required  to  JI^ISl*""^ 
produce  this  effect,  correspond  to  40.1  parts  of  real  sulphuric  acid. 
For  common  purposes  the  strength   of  the  acid   may  be   estimated 
from  its  specific  gravity.!  a    i  •  •    r 

649.  The  decomposition  of  sulphuric  acid  may  be  effected  by  pas- ^JjpjJu"*^ 
sing  it  through  a  red-hot  platinum  lube,  when  it  is  resolved  into  sul-  acid, 
phorotts  acid,  oxygen  and  water. 

When  heated  with  charcoal,  sulphuric  acid  gives  rise  to  the  pro- 
duction of  carbonic  and  sulphurous  acids  ;  with  phosphorus  it  pro- 
duces phosphoric  and  sulphurous  acids ;  and,  with  sulphur,  sul- 
phurous acid  is  the  only  product.  It  is  decomposed  by  several  of 
the  metals,  which  become  oxidized,  and  evolve  sulphurous  acid,  as 
shown  in  the  production  of  this  acid,  by  boiling  sulphuric  acid  with 
mercury  (530),  tin,  lead,  dec. 

•  Hayes  in  ilmer.  Jour.  xvii.  198.  t  Keir,  Irish  Pkil,  Trans.  \j.  td. 

t  For  tabic  of  strtn^h  of  this  add  of  diflereat  densities,  see  Appendix. 
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Chap,  in.  The  liquid  acid  is  also  decomposed  by  platinum  wires,  commuDt- 
By  galmn-  catini^  with  the  extremities  of  a  gaWanic  pile. 

650.  Sulphuric  acid  is  largely  consumed  in  a  variety  of  manu- 
factures. It  is  used  by  the  makers  of  nitric,  hydrochloric,  citric,  and 
tartaric  acids  ;  by  bleachers,  dyers,  tin-plate  makers,  brass^fouDden, 
gilders,  ice. 

551.  Baryta  in  solution  detects  the  presence  of  sulphuric  acid,  t 
white  insoluble  sulphate  of  baryta  being  precipitated.  The  precipi- 
tate heated  with  charcoal  before  the  blow-pipe  is  decompoa^ ;  od 
moistening  it  with  water  and  touching  it  witn  a  solution  of  a  salt  of 
lead,  the  sulphur  renders  the  lead  black.  This  acid  gives  a  copion 
white  precipitate  with  soluble  salts  of  lead. 
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552.  Hyposulphurous  acid  may  be  formed  by  digesting  sulphur 
in  a  solution  of  a  sulphite  (a  compound  of  sulphurous  acid  and  a 
salifiable  base,)  the  two  equivalents  of  oxygen  in  the  sulphorooi 
acid  combining  with  an  additional  quantity  of  sulphur,  and  beiitf 
thereby  converted  into  two  equivalents  of  hyposulphurous  acid,  u 
is  not  easy  to  procure  this  acid  in  a  free  state. 

553.  It  is  distinguished  bv  the  peculiar  relation  it  has  to  the  oxide 
of  silver,  combining  with  it  in  preference  to  soda,  which  is  easily 
separated  from  this  acid  by  the  oxide,  the  only  instance  where  a  m^ 
tallic  oxide  can  separate  a  fixed  alkali  from  an  acid,  without  the  aid 
of  some  other  afRnity. 

The  solution  of  all  the  neutral  hyposulphites  dissolves  receudy 
precipitated  chloride  of  silver  in  large  quantity,  and  forms  with  it 
a  liquid  of  an  exceedingly  sweet  taste. 

Hyposidphuric  Acid. 


Composition. 

Fhrm* 

•  • 

Sulph.                    Oxy. 

Egui9 

2S+«0  or'S 

32.2  or  2  eq.      +      40  or  6  eq. 

=       72.8 

554.  This  acid  discovered  by  Welter  and  (ray-Lussac  in  1819, 
is  prepared  by  transmitting  sulphurous  acid  through  water  in  which 
finely  powdered  peroxide  of  manganese  has  been  suspended,  a 
pK)rtion  of  the  oxygen  of  the  oxide  combining  with  some  of  the  sal* 
phurous  acid  and  forming  sulphuric  acid,  part  of  which  unites  wilk 
the  remaining  sulphurous  acid,  by  which  the  hyposulphuric  acid  if 
produced.  Both  acids  remain  in  combination  with  oxide  of  raangu* 
ese,  and  by  adding  baryta  it  is  precipitated,  the  sulphuric  acid  being 
also  thrown  down  in  combination  with  part  of  the  baryta,  wfaik 
the  hyposulphuric  acid  unites  with  the  rest,  and  remains  in  solution. 
By  cautiously  adding  sulphuric  acid  the  baryta  is  removed,  and  tbe 
hyposulphuric  acid  remains  in  solution.     R. 


Phatphorui.  1^9 


VI. 

Section  VI.    Phosphorus. 

Symb,  Sp*  Gr.  Oicm.  Equiv. 

P.  4.3269    Air    =:  1         fir  Vol.    26 

62^        Uyd.=  1  '^  Wght.  16.7 

555.  Phosphoras  {q»Hr<p6i^  from  q>QQ  light  and  qdqeip  to  carry)  ^  Name 
to  called  from  its  property  of  shining  in  the  dark,  was  discovered 
ftboat  the  year  1669  by  Brandt,  an  alchemist  of  Hamburgh.  It  was 
originally  orepared  from  urine  ;  but  Scheele  afterwards  described  a 
method  of  obtaining  it  from  bones,  which  is  now  generally  prac« 
Used. 

556.  The  object  of  the  process  is  to  brinj?  phosphoric  acid  in  con- 
tact with  charcoal  nt  a  strong  red  heat.  The  charcoal  takes  oxy- 
gen from  the  phosphoric  acid ;  carbonic  acid  is  disengaged,  and 
phosphorus  is  set  free. 

As  the  process  for  obtaining  phosphorus  is  tedious  and  not  unat-  procMt. 
tended  with  danger,  and  as  it  can  readily  be  obtained  from  the  drug- 
gist, it  will  be  sufficient  to  illustrate  the  principle  on  which  it  is  pre- 
pared. 

For  this  puqKMe  30  or  40  grains  of  a  mixture  of  phosphoric  acid,  or  of  the 
nporphoepkate  of  lime,*  with  half  ita  weicht  of  cnarcoal  may  be  put  into  a 
I^M  tube  sealed  at  one  end,  about  a  foot  in  length  and  half  an  inch  in  diameter. 
TIm  tube  abould  be  coated  with  a  mixture  of  two  parts  of  clay  and  one  of  sand, 
prtTJOitflT  mixed  with  cut  thread  or  flax,  and  then  wrapped  round  with  iron 
win.  Ilie  coating  need  not  extend  farther  than  an  mch  beyond  the  part  to 
wincb  the  mixture  reaches  when  it  has  been  introduced,  as  this  alone  is  to  be 
tspOMd  to  beat.    It  is  placed  in  a  chauffer  with  a  hole  cut  in  Fig.  153. , 

tbe  ade,  aa  shown  in  the  figure,  and  a  chimney  placed  over 
it  to  increase  the  heat ;  the  tube  should  be  gently  inclined 
fowawards,  to  carry  off  any  watery  vapour,  and  the  end 
wbicb  is  not  coated  had  better  be  draws  out  at  the  blow- 
pipe when  the  mixture  has  been  put  in,  till  it  is  about  a 
qnaiter  or  an  eighth  of  an  inch  in  diameter.  A  green  glass 
tube  ia  better  than  one  of  flint  glass,  as  it  is  not  so  easily 
melted.  A  mixture  of  red  hot  cinders  and  charcoal  gives 
cbe  beat  fire  for  this  experiment.  When  tlie  heat  has  be- 
•ooM  aofficient,  the  phoephorua  comes  over,  condensing 
iloQg  the  aides  of  the  tube,  and  a  flame  appears  at  the  open 
•Dd,  aimilar  to  what  is  produced  by  the  combustion  of  phoa- 
pboriM.  If  the  tube  is  oroken  off  above  the  point  where  it  is  coated,  after  gai 
mmmm  to  be  disengaged,  on  blowing  throogh  it  the  phosphorus  will  take  fire  and 
boro  with  a  vivid  light.    Reid. 

657.  Pure  phosphorus  is  transparent  and  almost  colourless.     It  is  propertiaa, 
80  soft  that  it  may  be  cut  with  a  knife,  and  the  cut  surface  has  a 
waxy  lustre.     At  the  temperature  of  106^  it  fuses,  and  at  550°  is 
eoDverted  into  vapour,  which  according  to  Dumas  has  a  sp.  ct. 
ef  4.365. 

Fhotphorus  b  exceedingly  inflammable.  Exposed  to  the  air  at 
aMUBOD  temperatures,  it  undergoes  slow  combustion,  emits  a  white 
mpour  of  a  peculiar  alliaceous  odour,  appears  distinctly  luminous 
in  the  dark,  and  is  gradually  consumed.  On  this  account,  phos- 
phorus should  always  be  kept  under  water. 


by  di^tio§^  calcined  bones  for  a  day  or  two  with  half  iheir  weight  of 
_  sylpbunc  acid,  with  the  addition  of  so  much  water  as  will  give  the  consis< 
tSMS^el'  a  thin  paste ;  sparingly  soluble  sulphate  and  a  soloble  superphosphate  nf 
ate  fomd.  The  latter  is  dissohsd  in  varm  water,  and  aller  filtration,  evaporated. 

22 
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Phoiphonu. 


Slow  com 
bustioQ. 


Chfcp.  HI.  The  disappearance  of  oxygen  which  accompanies  these  changes 
is  shown  by  putting  a  stick  of  phosphorus  in  a  jar  full  of  air,  in- 
verted over  water.  The  volume  of  the  gas  gradually  diminishes; 
and  if  the  temperature  of  the  air  is  at  60^,  the  whole  of  the  oxygen 
will  be  withdrawn  in  the  course  of  12  or  24  hours.  The  residue  is 
nitrogen  gas,  containing  about  l-40th  of  its  bulk  of  the  vapour  of 
phosphorus.  It  is  remarkable  that  the  slow  combustioD  of  phos- 
phorus does  not  take  place  in  pure  oxygen,  unless  its  tempentiue 
be  about  SO"".  But  if  the  oxygen  be  diluted  with  nitrogen,  hydro- 
gen, or  carbonic  acid  gas,  the  oxidation  occurs  at  60^ ;  and  il  takss 
place  at  temperatures  still  lower  in  a  vessel  of  pure  oxygen ,  raiefisd 
by  diminished  pressure.  Graham  finds  that  minute  quantities  even* 
of  some  gases  have  ^a  remarkable  effect  in  preventing  the  slow  coia* 
bustion  of  phosphorus,^ 

558.  If  a  stick  of  dry  phosphorus  be  dusted  over  with  powdeisd 
rosin  or  sulphur,  and  then  introduced  under  the  receiver  of  an  sir- 
pump,  it  will  be  found  that,  as  soon  as  the  exhaustion  comnieDees» 
the  phosphorus  will  become  luminous,  which  appearance  increasss 
as  the  rarefaction  proceeds,  until  finally  the  phosphorus  inflames^ 

In  all  experiments  with  phosphorus,  great  care  must  be  takeot  ss 
it  is  so  easily  kindled.  It  should  be  cut  under  water  and  he  held 
by  forceps. 

A  very  slight  degree  of  heat  is  suflScient  to  inflame  phoephorv 
in  the  open  air.  Gentle  pressure  between  the  fingers,  or  a  hempen- 
ture  not  much  above  its  point  of  fusion,  kindles  it  readily. 

According  to  Higgins,  a  temperature  of  60°  is  sufficient  to  sol  il 
on  fire,  when  properly  dry. 
Ezp. 


Combat- 
tioo  in  ox- 
ygen. 


Lnminout 
innrefied 
■ir. 


Caution. 


It  may  he  set  on  fire  by  fViction.    Rub  a  very  small  bit  between  two  ^ 
of  brown  paper ;  the  phosphorus  will  inflame,  and  will  set  the  papw  <»  iM 
also. 

559.  Its  combustion  is  far  more  rapid  in  oxygen  gas»  and  the 
light  proportionally  more  vivid.t 

This  may  be  done  in  a  glass  vessel  of  the  annexed  sbi^ie.    (Fig  154^  It  ii 
filled  with  water  aAer  putting  a  cork  into  the  opening  at  the  top,  placed  os  tbi 
shelf  of  a  large  pneumatic  trough,  in  the  same  manner  as  a  jar,       f^  ]^ 
and  oxygen  gas  introduced  by  the  lower  aperture.    When  quite 
full,  it  IB  allowed  to  drain,  removed  on  a  flat  plate  of  metal  and 
placed  over  a  small  cup  containing  the  phosphorus ;  sand  being 
placed  to  the  depth  of  half  an  inch  where  the  jar  is  to  rest.    The 
cork  is  then  taken  out,  and  a  thin  plate  of  copper  placed  over  the 
top  after  the  phosphorus  has  been  kindled  by  an  iron  wire ;  the 
copper  plato  allows  part  of  the  oxygen  to  escape  freely  when  ex- 
panded hy  the  heat.  Corks  should  never  be  put  in  the  mouths  of  the 
vessels,  as  they  are  generally  set  on  fire ;  and  if  the  expanded  gas 
cannot  easily  escape,  the  apparatus  will  be  blown  to  pieces.    It  is  oftao 
alsoi,  when  a  larjge  quantity  of  phosphorus  is  employed.    100  eubie  ii 
oxygen  can  combine  with  ab!out  24  grains  of  pho^orus,  but  8  or  10 
be  sufficient  for  this  experiment. 


*  See  Q^art,  Jour,  qfSd.  N.  S.  vi.  83.,  and  note  to  Tamer's  EUmmtit, 
page  108. 

t  For  a  method  of  exhibiting  this  with  splendour  and  coUcctiog  the 
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When  a  Uur^e  jar  is  aaed  it  will  be  more  conTenient  to  ^  ^^-  8tet  VT. 

Khauat  the  air,  by  meant  of  the  air-pump,  connectiDg  *' 
ith  a  brads  plate  well  ground  to  the  upper  lip  of  the  ' 
Pig.  155,)  as  the  air  is  pumped  out  the  water  will 
rben  the  jar  is  filled,  the  stop-cock  beinc  closed, 
Minecting  pipe  may  be  detached.    Or  if  the  jare 
ot  too  large,  the  air  may  be  drawn  out  by  the  mouth. 
t  is  not  howcTer,  alwajs  necessary  to  ml  a  jar  with 
rater,  as  the  gas  from  its  weight,  may  be  passed  in  by 

pipe  descending  to  the  bottom  and  the  atmospheric  sir 
e  oisplaced,  as  described  page  154. 

560.  When  kept  for  a  long  time  under  water,  especially  if  ex-  Effect  of 
MMed  to  light,  phosphorus  acquires  a  thin  coating   of  white   matter,  ^^t>  ^^ 
rhkh  according  to  Rose,*  seems  to  be  phosphorus  in  a  peculiar  me- 
hanical  state,  which  deprives  it  of  its  usual  action  upon  light,  and 
mders  it  opaque. 

561.  Phosphorus  is  soluble  in  oils,  and  communicates  to  them  Solution  in 
be  property  of  appearing  luminous  in  the  dark  ;  alcohol  and  ether  ®^'^* 
bo  dissolve  it,  but  more  sparingly. 

TUs  may  be  shown  by  pourinjg  a  small  quantity  of  either  of  these  liquids,  Exp. 
I  wiiich  phosphorus  has  been  dissolved,  upon  the  surface  of  warm  water  in 
4ark  itMHn. 

It  is  tasteless  and  insoluble  in  water,  but  proves  poisonous  when 
iken  into  the  stomach. 

5G2.  The  researches  by  Berzelius  have  shown  that  the  oxygen  in  ^^  ^^ 
ihoaphorus  and  phosphoric  acids  is  in  the  ratio  of  3  to  6.  It  is  jJP**°*P"®" 
leoce  inferred  that  the  smallest  molecule  of  phosphoric  acid  con- 
aiDS  five  atoms  of  oxygen.  Also  Berzelius  finds  that  31.4  parts  of 
ihoephonis  require  40  of  oxygen  for  forming  phosphoric  acid  :  if 
bis  acid  consist  of  one  atom  of  phosphorus  and  five  atoms  of  oxy- 
^,  31.4  will  represent  one  atom  of  phosphorus ;  or  if  the  acid 
xMitaio  two  atoms  to  ^^e^  the  atom  of  phosphorus  will  be  half  31.4 
ir  16.7.  It  is  doubtful  which  view  is  preferable,  but  we  may  con- 
ioue  to  use  15.7  as  its  equivalent.     T.  soo. 

563.  Phosphorus  is  largely  consumed  in  the  preparation  of  match-  U*^- 
!9  for  obtaining  instantaneous  light.t 

Oxide  of  Phosphorus. 
Composition. 

F\irm.  Phot,  Oxy.  Equiv, 

SP+O  or  P30       47.1  or  3  eq.      +      8  or  1  eq.    =    65.1 

664.  When  a  iet  of  oxygen  gas  is  thrown  upon  phosphorus  while  Fpnnatioo 

a  (osion  under  hot  water,  combustion  ensues,  phosphoric  acid  is  phM^ho- 

Ibnned,  and  a  number  of  red  particles  collect,  which  have  been  con-  ras. 

■deied  as  oxide  of  phosphorus.     The  red  matter  left  when  phos- 

phociis  is  burned  is  probably  of  the  same  nature. 

Plaos  a  few  grains  of  phosphorus  in  a  deep  glass,  a  champaign  glass  is  the  ^P* 
'  it  up  with  hot  water,  and  pass  down  upon  the  phosphorus  a  stream  of 
;■■,  oy  means  of  a  brass  pipe  (the  common  blow-pipe  of  jewellers  made 


ttakht  aoswen)  attached  to  a  flexible  tube  connected  with  a  gasometer  or 
Umer  cootatning  oxygen  gas. 

*  P9g'.  Annal,  xxrii.  566. 

t  The  matches  sre  made  by  attaching  phosphonis  to  the  sulphur  in  which  tbey 
vt  frsviossly  dipped,  or  by  dipping  them  into  a  composition  of  phosphorus,  chlorate 
eC  peiaasa,  salphuret  of  antimony  and  glue.  The  composition  for  what  are  known  as 
*Lse»fiM»"  matches,  is  a  paste  made  with  about  4  parts  of  some  earthy  matter,  as 
'  R«d  chalk,  1  put  jphosphorus,  and  1  glue,  dissoWed  in  water  with  the  aid  of 
taio  this  the  matcbes,  previoinly  prepared  with  sulphur,  are  dipped.  These 
igailt  by  alight  friction. 
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Cb>p.iiL  565.  The  oxide  is  of  a  red  colour,  without  taste  or  odour,  and  inso- 
luble in  water,  ether,  alcohol,  and  oil.  It  is  permanent  in  the  air, 
even  at  662^  F.,  but  takes  fire  at  a  low  red  heat.  Heated  to  redne» 
in  a  tube,  phosphorus  is  expelled,  and  metaphosphoric  acid  remaios. 
It  takes  fire  in  chlorine  gas,  and  is  rapidly  oxidized  by  nitric  add. 
It  does  not  appear  to  possess  any  alkaline  character.*    T. 


HypophosphorouM  Add. 

Composition. 

F\)rm.  Pho9.  Oxy,  Equi9, 

2P+OorP20  31.4  or  2  eq.     +     Sorleq.        =        39.4 

S^S?^      566.  This  acid  was  discovered  in  1816  by  Dulong.t     When  water 
add.  acts  upon  the  phosphuret  of  barium  the  elements  of  both  enter  into  • 

new  arrangement,  giving  rise  to  phosphuretted  hydrogen,  phospho^ 
ic  acid,  hypophosphorous  acid,  and  baryta.  The  former  escapes  is 
the  form  of  gas,  and  the  two  latter  combine  with  the  baryta.  Hy- 
pophosphite  of  baryta  being  soluble,  may  consequently  be  sepaialed 
by  filtration  from  the  phosphate  of  baryta,  which  is  insoluble.  On 
adding  a  sufficient  quantity  of  sulphuric  acid  for  precipitating  the 
baryta,  hypophosphorous  acid  is  obtained  in  a  free  state,  and  on 
evaporating  the  solution,  a  viscid  liquid  remains,  highly  acid  aod 
even  crystallizable,  which  is  a  hydrate  of  hypophosphorous  aewL     • 

*  An.  dd  Ch.  et  de  Ph.  1.83. 

Terrier**  Bcth-     Verrier  has  recently  proposed  the  following  method  of  obtaininff  pare  03Eiit«r 

ed  of  o^ioj^c  phosphorus,  which,  he  is  of  opinion,  has  not  been  preriously  procured.    Take  a  ilMi 

SMtpboraa.      globe,  capable  of  holding  about  two  pints,  the  neck  of  which  is  about  four  inches  H^f; 

and  one  inch  wide  *,  pour  into  this  a  little  chloride  of  phosphorus,  then  iDtrod«ee,ii 

phosphorus,  previously  dried  on  paper,  and  cut  into  pieces  of  about  eight  gnins  ^adk, 

enough  to  form  a  stratum  nf  four  filths  of  au  inch  thick,  at  the  bottom  of  the  gMt; 

add  sufficient  chloride  of  phosphorus  to  cover  the  phosphorus,  and  expose  the  ubsk 

to  the  air ;  eight  or  ten  globes  thus  prepared  are  required  to  obtain  thirty  gruH  of 

oxide.    In  twentyfonr  hours,  a  thick  white  crust  of  phosphatic  acid  is  formed  at  ibi 

surface  of  the  solution,  whilst  l)elow  the  stratum  of  pnospoorus  a  yellow  snbstaseeii 

seen  which  is  a  compound  of  phosphoric  acid  and  oxide  of  phosphorus,  called  by  Vtt' 

rier  phosphate  of  oxide  of  phosphorus. 

In  twentyfour  hours  alter  \h€  appearance  of  the  whitish  matter,  the  chloride  if 
-phosphorus  is  poured  off,  to  serve  for  another  operation ;  the  pieces  oi  phosphorus  lit 
detached  nnd  gradually  allowed  to  fall  into  coUi  water.  The  water  becomes  of  a  dco 
vellow  colour  from  dissolving  the  phosphate ;  by  decanting  and  filtering  a  limpid  yei- 
low  liquid  is  obtained.  By  heating  this  solution,  the  phosphate  decomposes  at  shost 
177°  F.  into  phosphoric  acid,  and  a  yellow  flocculent  matter,  which  collects  atthehtl- 
:tom,  and  is  consiacred  as  hydratcd  phosphoric  acid,  nearly  insoluble  in  wmter.  TVi 
.is  washed  upon  a  filter  with  hot  water,  removed  from  it  while  moist,  to  ■  poRclM 
.capsule,  and  dried  in  vacuo  over  sulphuric  acid.  The  oxide  of  phosphoros  n 
pure,  in  the  form  of  small  grains  of  a  red  colour,  but  when  in  fine  powder,  of 
jcllow.    Its  composition  according  to  Verrier  is 

Oxy.  11.35  Phos.  88.65 

It  is  insoluble  in  water,  alcohol,  and  ether;  it  is  denser  than  water*    Whea 

i^optfti««.        ly^^i  iIj^  vacuum  it  has  neither  taste  nor  smell,  but  is  acidified  by  moist  air  or ., 

yielding  a  slight  odour  of  phosphuretted  hydn^n.    It  is  not  luminous  in  the  dark. 

Out  of  contact  of  the  air  it  may  be  Kept  at  a  tempersture  of  alKNit  670*  wilhHl 
decomposing,  but  becomes  of  a  bright  red  colour.  At  a  temperature  ■  little  belov  iW 
of  boiling  mercury,  it  decomposes  rapidly,  phosphorus  distils,  and  white  pboaphMC 
acid  remains.    Heated  in  the  air  it  is  unchanged,  and  bums  only  when  it  disav*|* 


phosphorus.    Chlorine  converts  it  into  chlonde  of  phosphorus  and  phoaphofie 
Nitric  acid  converts  it  into  phosphoric  acid. 

Mixed  with  chlorate  of  potassa  it  ^ivcs  a  fulminatin^f  powder,  which  detonates  M■^ 
times  during  the  mixture,  and  without  pressure;  it  always  explodes  ondcr  ili|^ 

Kessure     The  hydrate  was  inferred  to  contain  20.5  per  cent,  of  wmter,  its  compOHM* 
ing  very  nearly  oxide  i  eq.  water  2.    Ann^  de  Chim.  et  de  Pkm.  Mf,  1817,  md 
Land,  and  Edin.  Phil.  Mng.  Oct.  1838.  ^  As^^dtCKH  Ph.  iL 
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Hypophosphoroos  acid  is  a  powerful  deoxidizing  agent.    It  unites    «i«ct.  vf. 
ith  alkaline  bases ;  and  it  is  remarkable  tbat  all  its  salts  are  solu- 
e  in  water. 

Phosphorous  Acid, 

Porm,  CompoNtioD. 

PhM,  Qry.  Equi9. 

aP+30,^orPS08         81.4  or  8  eq.     +   M  or  S  eq.      s     65.4 

667.  Phosphorous  acid  may  be  procured  by  subliming  phosphorus  Pbospho- 
irough  powdered  bichloride  of  mercury  contained  in  a  glass  tube ;  ^^^?2[j^^ 
hen  a  limpid  liquid  comes  over,  which  is  a  compound  of  chlorine 
ad  phosphorus.*  This  substance  and  water  mutually  decompose 
ich  other :  the  hydrogen  of  water  unites  with  the  chlorine,  and 
mns  hydrochloric  acid ;  while  the  oxygen  attaches  itself  to  the 
lioephorus,  and  thus  phosphorous  acid  is  produced.  The  solution  is 
MO  evaporated  to  the  consistence  of  sirup  to  expel  the  hydrochloric 
cid ;  and  the  residue,  which  is  hydrate  of  phosphorous  acid,  be- 
MDes  a  crystalline  solid  on  cooling.  It  is  also  generated  during  the 
low  oxidation  of  phosphorus  in  atmospheric  air.  The  product  at- 
"Bcts  moisture  from  the  air,  and  forms  an  oil-like  liquid. 

£88.  It  dissolves  readily  in  water,  has  a  sour  taste,  and  smells  Properties. 
MDewhat  like  garlic.  It  unites  with  alkalies,  and  forms  salts  which 
re  termed  phosphites.  The  solution  of  phosphorous  acid  absorbs 
xygen  slowly  from  the  air,  and  is  converted  into  phosphoric  acid. 
'rem  its  tendency  to  unite  with  an  additional  quantity  of  oxygen,  it 
\  a  powerful  deoxidizing  agent ;  and  hence,  like  sulphurous  acid, 
recipitates  mercury,  silver,  platinum,  and  gold  from  their  saline 
Mnlniiations  in  the  metallic  form.  Nitric  acid  converts  it  into  phos- 
Iwric  acid. 

Phosphoric  Acid. 

Porm.  Compoftition. 

Pho»,  Oxy.  Equit. 

tiM-«0,  I^  or  PO*t         31.4  or  2  eq.      +      40  or  6  cq.        =  71.4 

AS9.  In  1S27,  Clarke  of  Aberdeen,  showed  that  under  the  term  Phosphoric 
ho&phoric  acid,  had  previously  been  confounded  two  distinct  acids,  ^^^^* 
me  of  which  he  proposed  to  distinguish  by  the  name  of  pyrophos' 
Aitric  add  (from  nvQ  fire,)  to  indicate  that  it  is  phosphoric  acid 
Dodified  by  heat ;  nnd  Graham  has  described  another  to  which  he 
las  ffiven  the  provisional  name  of  metaphosphoric  (from  fieia  togeth- 
rr  wUk),  implying  phosphoric  acid  and  something  besides.  These 
icidi  contain  phosphorus  and  oxygen  in  the  same  ratio,  and 
imve  the  same  equivalent,  so  that  they  may  be  considered  as  isomeric 
Mdies  (page  36) ;  but  that  difierence  in  the  arrangement  of  their 
fkiDents  on  which  their  peculiarities  may  be  presumed  to  depend, 
is  rery  alight,  since  they  are  easily  convertible  into  each  other.t 


•  Duvy'k  EUmenU,  p.  268. 

t  Bat  M  it  caonot  exist  ancorobioed,  it  is  l)est  denoted  by  X'  PO^,  where  X  repre- 
HMs  u  eqaiTtlnt  of  water,  or  any  base.    T.  203. 

I  Pka,  TVon*.  ten,  pan  u.,  and  Phil.  Mag.  3d  Series,  iv.  4tl. 
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Chap.  III.  570.  Phosphoric  acid  may  be  obtained  by  oxidizing  phosphonu 
by  strong  nitric  acid  ;  but  great  care  is  required  as  the  action  is  often 
very  violent,  attended  with  a  rapid  evolution  of  great  quaDtitiet  of 
binoxide  of  nitrogen. 

Exp.  Place  a  few  fragrnentB  of  phosphoros  in  a  deep  and  strong  ni»  }^ 

flass  vessel,  of  the  form  represented  in  the  ficure.  (Fig.  156.) 
'our  upon  it,  from  a  vessel  attached  to  the  end  of  a  long  stick, 
an  ounce  or  more  of  nitric  acid  recently  prepared  from  nitre 
and  sulphuric  acid.  If  the  acid  is  very  strong  and  warm,  vio- 
lent  ana  dangerous  explosion  often  occurs,  and  the  acid,  frag- 
ments of  phosphorus  and  of  glass  are  thrown  to  a  considerable 
distance.  A  platinum  vessel  is  preferable,  and  should  be 
firmly  secured  to  the  table. 

^^roceu.  571.  Phosphoric  acid  may  be  prepared  at  a  much 
cheaper  rate  from  bones.  For  this  purpose,  super- 
phosphate of  lime,  obtained  in  the  way  already  de- 
scribed, (556)  should  be  boiled  for  a  few  minutes    

with  excess  of  carbonate  of  ammonia.  The  lime  is  thus  precipitatei 
as  a  phosphate,  and  the  solution  contains  phosphate,  together  with  a 
little  sulphate  of  ammonia.  The  liquid,  after  filtration,  is  eTapom- 
ted  to  dryness,  and  then  ignited  in  a  platinum  crucible,  by  wfaid 
means  the  ammonia  and  sulphuric  acid  are  expelled. 

Properties.  ^^*  Phosphoric  acid  is  colourless,  intensely  sour,  reddens  litmiti 
and  neutralizes  alkalies.  It  is  concentrated  by  evaporation  at  30(f 
F.,  and  becomes  dark,  and  thick  ns  treacle  when  cold.  It  contiili 
of  71.4  parts  or  1  equiv.  phosphoric  acid  and  27  parts  or  3  eqnir. 
water. 

Unites  573.  Phosphoric  acid  is  remarkable  for  its  tendency  to  unite  wiA 

with  bases,  ^n^^iji^g  bases,  in  such  proportions  that  the  oxygen  of  the  hue  and 
of  the  acid  is  as  3  to  5 ;  or,  in  other  words,  it  is  prone  to  ibrm  sqIh 
salts,  in  which  one  equivalent  of  acid  is  combined  with  three  eqaif- 
alents  of  base.  It  manifests  the  same  character  in  regard  to  water, 
and  ceases  to  be  phosphoric  acid  unless  three  equivalents  of  water 
to  one  of  acid  are  present ;  it  even  appears  that  the  water  acts  the 
part  of  a  base,  hence  called  basic  water,  and  that  the  aqueous  sofal- 
tion  is  not  a  mere  solution  of  phosphoric  acid,  but  of  triphosphate  of 
water,  a  sort  of  salt  composed  of  one  equivalent  of  acid  and  thret 
equivalents  of  water.  Part  of  this  basic  water  enters  along  wUk 
soda  into  the  constitution  of  two  of  the  phosphates  of  soda,  toe 
water  and  soda  together  forming  the  three  equivalents  of  base  re- 
quired by  one  equivalent  of  the  acid.     T.  202. 

Test.  574.  A  certain  test  between  phosphoric  and  arsenious  acids  ii, 

that  the  former  is  neither  changed  in  colour  nor  precipitatei 
when  a  stream  of  hydrosulphuric  acid  gas  is  transmitted  through  it: 
while  the  latter,  with  the  required  precautions,  first  acquires  a  yel* 
low  tint«  and  then  yields  a  yellow  precipitate. 

575.  Pyrophospkaric  Acid, — This  acid  is  formed  by  exposing 


^orcadd  ^entrated  phosphoric  acid  for  some  time  to  a  heat  of  415®.     Itsgenefil 
'  characters  resemble  those  of  phosphoric  acid ;  it  is  remarkable  ftr 

its  tendency  to  unite  with  two  equivalents  of  a  base. 
Metaphos-       576.  Mefaphosphoric  Add,  HO.PO*,    is  obtained    by  burniof 
phoric  acid,  phosphorus  in  dry  air  or  oxygen  gas,  or  heating  to  redness  a 

centrated  solution  of  phosphoric  or  pyrophosphoric  acids. 


Baron — Baraeic  Jieid.  176 

677.  The  peculiarity  of  this  acid  is  to  combine  with  one  equiva-   Sect  vii. 
int  of  a  base.     On  exposing  the  anhydrous  acid  to  the  air  it  rapidly  Peculiarity. 
eliquesces,  and  at  the  same  time  acquires  its  basic  water,  which 
in  only  be  replaced  by  an  equivalent  Quantity  of  soda  or  some  other 
Ikaline  base.     The  pure  hydrated  acid  is  of  itself  very  fusible,  and 
Q  cooling  concretes  into  a  transparent  brittle  solid,  being  known  un- 
er  the  name  o^  glacial  phosphoric  acidt  which  i€  highly  deliquescent,  Glacial 
od  can  hence  only  be  preserved  in  its  glassy  state  in  bottles  care-  ^<^* 
lUy  closed.     This  acid  when  free,  occasions  precipitates  in  solu- 
oos  of  the  salts  of  baryta,  and  most  of  the  earths  and  metallic  ox- 
lett  aod  forms  an  insoluble  compound  with  albumen. 


Section  VII.     Baron, 

Sifmh.  B.  E^uiv.  10.9  eq.  vol.    =    100 

4778b  Boron  was  discovered  by  Davy,  by  the  action  of  Voltaic  Boron, 
lectricity  upon  boracic  acid,  hence  its  name.  It  was  also  obtained 
f  €lmy-Lussac  and  Thenard  in  1808,^  by  beating  boracic  acid  with 
Dfcusium,  the  boracic  acid  being  deprived  of  its  oxygen  and  the  bo- 
MH  set  free.  The  easiest  method,  according  to  Berzelius,  is  to  de- 
Mrnpooe  borofluoride  of  potassium  or  sodium  by  means  of  potas- 
loin.t 

079.  Boron  is  a  dark  olive-coloured  substance,  which  has  neither  Properties. 
isle  nor  smell,  and  is  a  non-conductor  of  electricity.  It  is  insoluble 
I  water,  alcohol,  ether  and  oils.  It  does  not  decompose  water.  It 
emrs  intense  heat  in  close  vessels,  without  fusing  or  undergoing  any 
ther  change  except  a  slight  increase  of  density.  Its  specific  gravity 
I  about  twice  as  great  as  that  of  water.  It  may  be  exposed  to  the 
tmoephere  at  common  temperatures  without  change ;  but  if  heated 
[>  60(r,  it  suddenly  takes  fire,  oxygen  gas  disappears,  and  boracic 
^d  is  generated.  It  also  passes  into  boracic  acid  when  heated  with 
iiric  acid,  or  with  any  substance  that  yields  oxygen  with  facility. 

660,  According  to  the  experiments  of  Davy  and  Berzelius,  boron  Udioo  with 
Q  baming  unites  with  200  per  cent,  of  oxygen  ;  and  the  latter,  from  Oxygen. 
be  composition  of  borax,  estimates  the  oxygen  in  boracic  acid  at 
IBJB  per  cent. 

Boracic  Acid, 

Symb,  B+30,  B  or  BO*  Equiv.  34.9 

881.  This   is  the   only  known    compound   of   boron   and  oxy-  Boracic 
mi.     It  is  found  in  the  hot  springs  of  Lipari,  and   in   those  of  acid. 
Sisso  in  the  Florentine  territory.     It  is  a  constituent  of  several  mi- 
Mfals,  as  the  datholite  and  boracite.     It  occurs  much  more  abun- 
dantly under  the  form  of  borax,  a  native  compound  of  boracic  acid 
aadMda. 

SS2.  It  is  prejmred  for  chemical  purposes  by  adding  sulphuric  acid  Process, 
io  a  solation  of  purified  borax  in  about  four  times  its  weight  of  boil- 


*  Set  the  original  memoirs  io  the  Ann,  de  Chim.  et  de  Phyt,  utI.  66,  113,  and 
ai  ahftiact  in  tae  Q^ari.  Jour,  ZTiii.  149. 

tiim.  PilUloi.  zzTi.  IS8. 


176  Silicon. 

Chitp.  iif.  ing  water,  till  the  liquid  acquires  a  distinct  acid  reaction.  The  Mt 
phuric  acid  unites  with  the  soda  ;  and  the  horacic  acid  is  depoiiled, 
when  the  solution  cools,  in  a  confused  group  of  shining  acaly  etp^ 
tals.  it  is  then  thrown  on  a  filter,  washed  with  cold  water  tofqii- 
rate  the  adhering  sulphate  of  soda  and  sulphuric  acid*  and  inl 
further  purified  hy  solution  in  boiling  water  and  re-crystalluntiBli 
It  is  apt  to  retain  a  little  sulphuric  acid ;  and  on  this  accoaot, 
required  to  be  absolutely  pure,  it  should  be  fused  in  a  platinum 
cible,  dissolved  in  hot  water  and  crystallized. 

Properties.     683.  Boracic  acid  in  this  state  is  a  hydrate,  which  containa 

per  cent,  of  water,  being  a  ratio  of  34.9  parts  or  one  equivaliBt  flf 
the  anhydrous  acid  to  27  parts  or  three  eq.  of  water.  This  hydiili 
dissolves  in  25.7  times  its  weight  of  water  at  60°,  and  in  3  tioMS  si 
212°.  Boiling  alcohol  dissolves  it  freely,  and  the  solution*  when  at 
on  fire,  burns  with  a  beautiful  green  flame ;  a  test  which  afbids  dw 
surest  indication  of  the  presence  of  boracic  acid.  Its  specific  gmtor 
is  1.479.  It  has  no  odour,  and  its  taste  is  rather  bitter  than  ads* 
It  reddens  litmus  paper  feebly,  and  effervesces  with  alkaline  caihs* 
nates.  Its  acid  properties  are  weak,  and  the  borates,  whea  ii 
solution,  are  decomposed  by  the  stronger  acids. 

Efieciof         584.  When  exposed  to  a  gradually  increasing  heat  in  a  platisflA 

heat.  crucible,  the  water  of  crystallization  is  expelled,  and  a  fused  OMHi 

remains,  which,  on  cooling,  forms  a  hard,  colourless,  transpussl 
glass,  which  is  anhydrous  boracic  acid.  If  the  water  of  crystelEbn* 
tion  be  driven  ofl*  by  the  sudden  application  of  a  strong  heat,  a  Isigi 
quantity  of  boracic  acid  is  carried  away  during  the  rapid  escspsif 
watery  vapour.  Vitrified  boracic  acid  should  be  preserved  in  aidt 
stopped  vessels ;  for  if  exposed  to  the  air,  it  absorbs  water,  and  in* 
dually  loses  its  transparency.  Its  specific  gravity  is  1.803.  sLM 
exceedingly  fusible,  and  communicates  this  property  to  the  substHM 
with  which  it  unites.     For  this  reason  borax  is  often  used  as  a  ft& 


Section  VIII.     SUican. 

Sj/mb.  Si.        Equiv.  23.6 

Ditcorery.       535.  It  was  shown  by  Davy  that  silica  is  a  compound  of  i 

busiible  body  and  oxygen,  to  which  the  name  nlichim  was  giTea,4il 
which  is  now  termed  silicon,  Silicon  was  obtained  by  BeraliM  ■ 
Hp^o^-  1824,  by  the  action  of  potassium  on  fluosilicic  acid  gas  ;  it  mqf  !• 
^^°  '  more  conveniently  prepared  from  the  double  fluoride  of  silicoasiri 
potassium,  or  sodium,  heated  in'  a  glass  tube,  with  potssHlh 
which  unites  to  the  fluorine  and  the  silicon  is  separated,  odW 
with  a  little  hydrogen.  It  is  purified  by  a  red  heat  and  digastiiaii 
dilute  hydrofluoric  acid.* 

Properties.      ^^'  ^^li^^i^  ^^^  a  dark  brown  colour,  but  no  metallic  lustrSi  i 
is  a  non-conductor  of  electricity. 

Before  ignition  it  is  not  oxidized  or  dissolved  by  ^Ipharic*  aiH 
or  nitro-hydrochloric  acids,  but  is  soluble  in  hydrofluoric  acid,  ssi 
in  a  hot  concentrated  solution  of  caustic  potassa.  It  underg06•|i^ 
tial  combustion  in  air  and  oxygen  gas. 

*  Ann.  PhUo9.  xxri.  11^ 


Silicic  Jldd—Silica.  177 

After  combustion  on  its  surface  the  silica  is  removed,  by  hydro*  B»ct.  vm. 
uoric  ncid,  and  the  silicon  within  is  insoluble.  A  difference  attribu- 
?d  by  Berzelius  to  a  difierence  in  the  aggregation  of  the  particles.* 

6S7.  Silicon  is  not  changed  by  ignition  with  chlorate  of  potassa.  Oxidation 
1  nitre  it  does  not  deflagrate  until  the  temperature  is  raised  so  high  <>^- 
lai  the  acid  is  decomposed.     It  burns  vividly  when  brought  into 
Mitact  with  carbonate  of  potassa  or  soda,  and  the  combustion   en- 
lea  at  a  temperature  considerably  below  that  of  redness.     It  ex- 
lodes  in  consequence  of  a  copious  evolution  of  hydrogen  gas,  when 

is  dropped  upon  the  fused  hydrate  of  potassa,  soda,  or  tmryta. 

668.  Berzelius  ascertained,  by  oxidizing  a  known  weight  of  sili-  Equifalcat. 
>D,  that  100  parts  of  silicic  acid  are  composed  of  48.4  of  silicon  and 
1.6  of  oxygen.  Now  if  silicic  acid,  as  Thomson  supposes,  be  com* 
>sed  of  single  atoms  of  its  elements,  then  the  equivalent  of  silicon 
ill  be  7.6;  but  if,  as  Berzelius  believes,  the  smallest  molecule  of 
at  acid  conuiin  three  atoms  of  oxygen  united  with  one  atom  of 
licon,  the  equivalent  of  silicon  would  be  22.5.  The  latter  view  is 
ipported  by  very  strong  analogies.     T. 

Silicic  Acid — Silica. 

Symb.  Equic. 

Si+30.Si,orSi03  46.5 

fiB9.  Silica  or  siliceous  earth  is  an  abundant  natural  product,  con- ^o"(^*"^ ' 
tutmg  a  prmcipal  ingredient  of  extensive  mountam  masses,  of 
nd,  and  of  several  minerals  as  quartz,  calecdony,  opal,  &c.  It  is 
I  important  part  of  fertile  soils,  rendering  them  porous  and  open  to 
e  transmission  of  water.  It  abounds  in  the  natural  hot  springs  of 
eland  and  of  the  Azores,!  and  is  probably  an  universal  ingr«- . 
ent  in  thermal  waters.  It  exists  in  the  epidermis  of  most  monoco^ 
ledonous  plants.} 

590.  The  purest  form  of  silica  is  rock  crystal,  from  which  it  oMained 
iy  be  procured  of  sufficient  purity  for  most  purposes,  by  ignition,  pare, 
lenching  in  cold  water  and  reduction  to  powder.^ 

591.  Silica  is  white  ;  its  sp.  gr.  is  2.69  ;  it  requires  a  very  high  PropertiM. 
mperature  for  fusion.  In  its  ordinary  state  it  is  insoluble  in  water  ; 

It  if  presented  to  water  while  in  the  nascent  state  it  is  dis:$olved  in 
rpe  quantities,  ii 

092.  Silica  has  no  action  on  test  paper,  but  in  its  chemical  rela**  Acid) 
MIS  it  exhibits  the  properties  of  an  acid,  and  displaces  carbonic  acid 
f  the  aid  of  heat  from  the  alkalies,  hence  it  has  been  called  silicic 
atf. 

fiBS.  On  gently  evaporating  its  solution  in  water,  a  bulky  gelatin*  Action  oC 
■■   bydfate  separates,  which  is  partially  decomposed  by  a  very  *^"'- 
loderate  temperature,  but  it  does  not  part  with  all  its  water  except 
i  a  red  heat. 

994.  On  Igniting  one  part  of  silicic  acid  with  three  of  carbonate  Liquor 
f  potassa,  a  vitreous  mass  is  formed,  which  is  deliquescent,  and  «iltcuiii« 


*  Bm«]ia«.  TraiU  dt  Chem.  1 ,370.  t  See  Webster's  Azore; 

S  See  DaubeDy's  Report  on  Waters,  in  Rep.  Brit.  At$oc.  t. 

9  Por  nioutc  deiails  see  Henry's  Chcm,  i.  643.  II  Berzelius. 
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Chap,  in-  may  be  dissulvcd  completely  in  water.  This  solation  was  f( 
called  liquor  silieum ;  it  has  an  alkaline  reaction,  and  absor 
bonic  acid  on  exposure  to  the  atmosphere  by  which  it  is  partL 
composed. 

Glass.  595.  With  one  part  of  alkali  and  three  of  silicic  acid  tl 

known  compound  glass  is  formed.     Every  kind  of  ordinary 
a  silicate,  and  its  varieties  are  owing  to  differences  in  the  pre 
of  the  constituents,  to  the  nature  of  the  alkali,  or  to  the  prea 
foreign  matters.     Bottle  glass  is  obtained  from  common  saad; 
contains  iron,  and  the  most  common  kind  of  kelp  or  peai 

Variatief.  Crmon  glass  for  windows  is  made  of  a  purer  alkali  and  sand 
is  free  from  iron.  Plate  glass  for  looking-glasses,  is  com] 
sand  and  alkali  in  their  purest  stale  ;  and  in  the  formation  o 
glass^  besides  these  pure  ingredients,  a  considerable  quai 
litharge  or  red  lead  is  employed.*  A  small  portion  of  pen 
manganese  is  also  used,  in  order  to  oxidize  carbonaceous 
contained  in  the  materials ;  and  nitre  with  the  same  intentioi 

ioDealingr.  596.  Glass  vessels  must  be  cooled  very  slowly,  or  anntalee 
wise  they  are  very  brittle.  When  properly  prepared,  glass  i 
upon  by  few  chemical  agents.}  Hydrofluoric  acid,  however, 
the  silica.^  The  metallic  bases  of  the  alkalies  appear  to  dec 
it;  and  Davy  found  that  oxide  of  lead  in  fine  class*  is  acu 
by  hydrochloric  acid  at  a  high  temperature,  chloride  of  lei 
water  being  formed. 


Section  IX.     Selenium, 

Symb.  Sp,  Gr,  JSiptiv, 

2Se  4.3  39.6 

597.  Selenium  was  discovered  in  1818  by  Berzelius  io  1 

phur  obtained  by  sublimation  from  the  iron  pyrites  of  Fa 

Sweden.     It  exists  as  a  sulphuret  among  the  volcanic  prod 

the  Lipari  islands;  and  in  other  places,  combined  with  metal 

Srarces  of      In  the  chambers  for  manufacturing  sulphuric  acid,  a  reddk 

selenium,     ^^_^^__^.^______^___^^_^_^_^ 

*  For  manx  chemical  processes  glass  ressels  free  from  lead  shooU  be  ■ 
Those  made  of  German  potash  glass,  or  hard  white  glass  free  from  lead,  em 
obtained  of  any  rMuired  form  or  size,  from  Richard  Griffin  Sl  Co.  Oluw 

land,  and  I  have  ioond  them  exceedingly  durable  and  well  adapted  to  MR 

purposes.    W. 

t  The  art  of  colouring  glass  and  of  making  artificial  gems  is  of  an  old  i 
effected  bv  metallic  oxides.  The  metals  employed  as  colouring  materials  ars 
The  purple  of  cassius  imparts  a  fine  ruby  tint.  2.  Silver,  oxide  or  ph*np<ia' 
Ter  giTes  a  yellow  colour.  3.  Irou-ozides,  produce  green,  yellow,  and  brown, 
pcr-oxides,  green ;  with  a  small  proportion  of  tartar,  the  oxides  mvdace  a  rad 
timooy,  gives  a  rich  yellow.  6.  Manganese,  the  black  oxide  in  large  ouantit) 
black,  in  smaller  quantities  rarious  shades  of  purple.  7.  Cobalt,  blue.  8.  ' 
greens  and  reds,  accnrdmg  to  the  degree  of  oxidaiioo.  On  this  snbjcd  t 
Aridela  VerreHey  Ann.  de  Chim,  ct  Phys,  xir.  67.  Aikin's  iXWy.  An 
Dumas  TraiU  de  Chim.  II.  531. 

IVhiU  enamel  is  merely  glass  rendered  more  or  less  opaqne  by  oziila  o 
forms  the  basis  of  the  coloured  ruameU,  which  are  tinged  with  the  metallic  c 

t  I'umer  found  that  steam  under  high  pressure  becomes  a  rapid  oolvent  of 
silicates.     Geol.  Trant.  Land.  ii.  95. 

f  For  a  method  of  exposing  siliceous  substances  to  bydrofluric  acid  sat  Id 
Ed.  Pk'dm.  Mag.  ziii.  473. 
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ited,  which  is  principally  sulphur.     This  substance,  in  bum-    Pect.  ix. 

c  out  an  odour,  which  induced  Qerzelius  to  suspect  that  it 

d  tellurium,  but  on  a  minute  examination  he  discovered,  in- 

that  metal,  a  body  with  entirely  new  properties,  to  which  he 

n  the  name  of  Selenium,  from  SeXi^t^q  the  moon. 

For  the  extraction  of  selenium  from  the  native  sulphuret.  Extraction 

proposes  to  mix  it  with  eight  times  its  weight  of  peroxide  of  ^^* 

ese,  and  to  expose  the  mixture  to  a  low  red  heat  in  a  glass 

le  beak  of  which  dips  into  water.     The  sulphur,  oxidized  at 

nse  of  the  manganese,  escapes  in  the  form  of  sulphurous 

hile  the  selenium  either  sublimes  as  such  or  in  the  state  of 

s  acid.     Should  any  of  the  latter  be  carried  over  into  the 

:  would  there  be;  reduced  by  the  sulphurous  acid. 

The  colour  of  Selenium  varies  a  good  deal.     When  rapidly  Propertits, 

ts  surface  has  a  dark  brown  hue,  and  its  fracture  the  colour 

Its  powder  has  a  deep  red  colour,  but  it  sticks  together 
lunded,  and  then  assumes  a  gray  colour  and  a  smooth  sur- 
s  specific  gravity  is  between  4.3  and  4.32.  It  softens  at  212^ 
completely  fuses  at  a  few  degrees  higher.     While  cooling, 

considerable  degree  of  ductility,  and  may  be  kneaded  be- 
le  finq^ers,  and  drawn  out  into  fine  threads,  which  have  a 
netallic  lustre,  and  are  red  by  transmitted  light.  When 
oolcd  it  assumes  a  granulated  fracture,  and  is  extremely  like 
if  cobalt.  It  boils  at  about  050^,  its  vapour  has  a  deep  yel- 
)ur,  and  condenses  either  into  opaque  metallic  drops,  o^, 
retort  with  a  large  neck  is  used,  into  flowers  of  a  fine  cinpar 
ir. 

When  heated  before  the  blow-pipe,  it  tinges  the  flame  of  it-Tinge* 
re  blue,  and  exhales  so  strong  a  smell  of  horse-radish,  ihat'f*'"^' 
mi,  not  exceeding  ^^  of  a  grain,  is  suflicient  to  fill  the  air  of 
iptrtment. 

Berzelius  at  flrst  regarded  it  as  a  metal ;  but,  since  it  is  an 
t  conductor  of  heat  and  electricity,  it  more  properly  belongs 
ass  of  the  simple  non-metallic  bodies.  He  has  shown  that  g-yi^u 
icid  is  composed  of  24  parts  of  oxygen  and  39.6  of  selenium. 
Mtance,  also,  has  three  grades  of  oxidation,  the  oxygen  in 
last  of  which  is  in  the  ratio  of  2  to  3 ;  and  the  highest  grade, 
icid,  has  in  all  its  chemical  relations  a  singularly  close  ana- 
sulphuric  acid.  From  these  facts  it  is  inferred  that  selcnic 
imposed  of  one  atom  of  selenium  and  three  atoms  of  oxygen. 

Oxide  of  Selenium. 

CompotitioB. 
fhrm.  Sden.  Ory.  Equio, 

Se-K)  39.6  or  1  cq.  +  8  or  1  eq.=47.6  Oxide  of 

rhis  compound  is  formed  by  heating  selenium  in  a  limited 
of  atmospheric  air,  and  by  washing  the  product  to  separate 
I  acid,  which  is  generated  at  the  same  time.     It  is  a  colour- 
very  sparingly  soluble  in  water,  and  is  the  cause  of  the  pe- 
lour  which  is  emitted  during  the  oxidation  of  selenium. 


180  Chlorine, 

Chap.  III.  Selenious  Acid. 

J^nn.  Selen.  Oxy, 

.Se4-90  39.6  +16  or  2  eq.=&5.6 

Selenious        603.  This  acid  is  prepared  by  digesting  selenium  in  nitric  or  d 

""d-  hydrochloric  acid  till  it  is  completely  dissolved.     On  evaporatlDf 

solution  to  dryness,  a  white  residue  is  left,  which  is  selenious  i 
By  increase  of  temperature,  the  acid  itself  sublimes,  and  conde 
again  unchanged  into  long  four-sided  needles.  It  attracts  moil 
*  from  the  air,  and  dissolves  in  alcohol  and  water.  It  has  distinct 
properties,  and  its  salts  are  called  seltmtes. 

Decoropo.       604.  Selenious  acid  is  recrdily  decomposed  by  all  substances  w 

■«^-  have  a  strong  affinity  for  oxygen. 

Selenic  Add, 

Se+30  39.6  +34  or  3  eqaK63.6 

605.  This  acid  is  prepared  by  fusing  nitrate  of  potassa  or  i 
Selenic       ^y\^^  selenium,  a  metallic  selen iuret,  or  with  selenious  acid  or 
of  its  salts.* 

Properties  ^^'  ^®'®"^^  ^^*^  '*  ^  colourless  liquid,  which  may  be  heatc 
'  536°  without  appreciable  decomposition ;  but  above  that  point 
composition  commences,  and  it  becomes  rapid  at  554^,  giving  rii 
disengagement  of  oxygen  and  selenious  acid.  When  concentr 
by  a  temperature  of  329°  its  specific  gravity  is  2.534;  at  512°  i 
2.60,  and  at  545°  it  is  2.625,  but  a  little  selenious  acid  is  i 
present. 

Selenic  acid  has  a  powerful  affinity  for  water,  and  emits  as  n 
heat  in  uniting  with  it  as  sulphuric  acid  does.  Like  this  acid 
not  decomposed  by  hydrosulphuric  acid,  and  hence  this  gas  i 
be  emploved  for  decomposing  seleniate  of  the  oxides  of  lead  or 
Action  upon  per.  Selenic  acid  dissolves  zinc  and  iron  with  disengagemefl 
inetaU.  hydrogen  gas,  and  copper  with  formation  of  selenious  acid.  It 
solves  gold  also,  but  not  platinum.  Sulphurous  acid  has  do  ac 
on  selenic  acid,  whereas  selenious  acid  is  easily  reduced  by  iL  ( 
sequently,  when  it  is  wished  to  precipitate  selenium  from  sel 
acid,  it  must  be  boiled  with  hydrochloric  acid  before  sulphurous  \ 
is  added. 

Selenic  and  sulphuric  acids  are  not  only  analogous  in  com| 
tion  and  in  many  of  their  properties,  but  the  similarity  runs  thro 
their  compounds  with  alkaline  substances,  their  salts  resembi 
each  other  in  chemical  properties,  constitution,  and  form.    T. 


Section  X.     Chlorine, 

Symb,  Sp.  Or,  Chem,  Eouir. 

CI  9.4700  Air    =:  1  By  Vol.    100 

36.42     Hyd.  =  I  "  WghL   33.49 

discorery.        ^O^*  Chlorine  was  discovered  by  Scheele  in  1774  ;  it  wascalhd 

Synonyms,  him  dephiogisticated  marine  acid.     The  term  oxy-muriaiie  acid  i 

afterwards  applied  to  it  by  the  French  chemists.     From  iu  col 

the  name  by  which  it  is  now  known,  Kas  given  to  this  gas  by  Ds 

from  the  Greek  j^fiUu^;  green. 

*  For  ■  description  of  the  process,  see  Turner's  EUmentM  6tli  cd.  p.  SOf . 


Chlorine  collected.  18l 

K)S.  Chlorine  gas  may  be  formed  by  cither  of  the  following  pro-    s^ci  x. 
ses :  Method  of 

*he  moHt  convenient  method  ef  preparing  it  is  by  mixin^^  concentrated  hydro-  obtaiping 
MIC  acid,  contaiocd  in  a  cIom  flask  or  tubulated  retort,  with  half  its  weight  of  ^°^°''^°^* 
\y  powdered  peroxide  ot  manganese.  EfiervcM-ence,  owing  to  the  escape  of 
>rine,  takes  place  even  in  the  cold ;  but  the  gus  is  evolved  much  more  freely 
the  application  of  a  moderate  heat.  It  should  be  collected  in  inverted  glass 
tics  nllcd  with  warm  water ;  and  when  the  water  is  wholly  displaced  by  the 
f  the  bottles  should  bo  closed  with  a  well  ipround  glass  stopper.  As  some  hy- 
ehloric  acid  gas  commonly  passes  over  with  it,  the  chlormo  should  not  be 
ndered  quite  pure,  till  after  being  transmitted  through  water. 

509.  The  theory  of  this  process  will  be  readily  understood  by  first  Theory, 
wing  the  elements  which  act  on  each  other,  namely  : — 

Df .     .      27.7  or  1  cq.      Mn  Chlor.    .    70.84  or  2  eq.      2Cl 

f.        .      16         2eq.      20  Hyd.      .     2       or  2  eq.      2H 


ox.  of  nung.  43.7  or  fcq.  Mn+20  Hydroch.  ac.  72.B4  or  2  eq.  2(U-fCl); 

1  then  inspecting  the  products  derived  from  them,  namely, 

te        :       •■    IIL      :        X.      ll    t:»..or.  35.48  or  log. 
Cblorido  of  niaiig.  63.12  Water     18 

symbols 

Mo+20,  and  2(II+C1),  yield  Mn+Cl,  2(H4-0),  and  CI. 

e  affinities  which  determine  these  changes  are  the  mutual  attrac- 

1  of  oxygen  and  hydrogen,  and  of  chlorine  and  manganese. 

no.  When  it  is  an  object  to  prepare  chlorine  at  the  cheapest  rate,  Cheaper 

for  the  purposes  of  manufacture,  the  preceding  process  is  modified  P'^^^^* 

the  following  manner  : — 

rhfM  ports  of  sea-salt  are  intimately  mixed  with  one  of  peroxide  of  mangpnesc, 
I  to  thu  mixture  two  parts  of  sulpnuiic  acid,  diluted  with  an  equal  weight  of 
Mr«are  added.  By  the  action  or  sulphuric  acid  on  sea-salt,  hydlrochloric  acid 
UMgaced,  which  reacts  as  in  the  former  ewe  upon  the  peroxide  of  manga- 
v;  so  Aat,  instead  of  adding  hydrochloric  acid  directly  to  the  manganese,  tiio 
lenaia  lor  forming  it  are  employed.  In  this  process,  however,  the  sulphates 
oda  and  protoxide  of  manganese  are  generatea,  instead  of  chloride  of  manga- 

Fhus  the  materials  which  act  on  each  other  are  MnO*,  NaCl  and 

O" ;  and  the  products  MnO.  SO*,  NaO,  S0»  and  CI. 

Sll.  The  gas  should  be  received,  when  it  is  intended  to  be  kept.  Method  of 

bottlea  filled  with,  and  inverted  in,  water  of  Fig.  i57.  collecting. 

I  temperature  of  SC  ot  90^  P.,  and  provided 

Ji  accurately  ground  stoppers.    It  will  be  found 

0  much  to  diminish  the  loss  of  gas  by  absorp- 

a,  if  it  be  made  to  issue  from  a  gas  bottle,  the 

le  of  which  is  sufficiently  long  to  reach  nearly 

the  bottom  of  the  inverted  receiving  bottle,  as 

Fig.   157.    The  stopper  must  be  introduced 

der  water,  while  the  bottle  remains  quite  full  of  the  gas  and  in- 

nedy  and  no  water  must  be  left  in  the  bottle,  along  with  the  gas. 

Cold   recently  boiled   water,  at  the  common  pressure,    absorbs 

ice  its  volume  of  chlorine,  and  yields  it  again  when  heated. 

113.  Chlorine  is  an  elas:ic,  gaseous  fiuid,  it  has  a  pungent  disa- 

^eable  odour,  and  is  highly  injurious  when  respired  even  largely  Properties. 


'jt 
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Chap  III,  diluted  with  atmospheric  air.*     When  the  hand  is  immersed  in  the 
gas  a  distinct  sensation  of  heat  is  perceived.     Its  colour  is  greenish 
yellow. 
Weight.  According  to  Davy  100  cubic  inches  of  dry  chlorine,  at  30  Bar. 

and  60^  F.  weigh  between  76  and  77  grains.  Gay-Lussac  and 
Thenard  found  the  density  of  pure  and  dry  chlorine  to  be  2.47, 
which  gives  76.59SS  grains  as  the  weight  of  100  cubic  inches  al  60^ 
F.  and  30  Bar. 
DestrovR  ^^3*  Chlorine  gas,  in  its  ordinary  state,  destroys  all  vegetable 
TfffetaMe  colours.  This  may  be  shown  by  passing  into  the  gas  confined  by 
colours.  water,  a  piece  of  paper  stained  with  litmus,  the  colour  of  which  will 
immediately  disappear.  Hence  the  application  of  this  gas  to  the 
purpose  of  bleaching,  its  power  of  effecting  which  may  be  shown  by 
confining,  in  the  gas,  a  pattern  of  unbleached  calico,  which  has  been 
previously  boiled  in  a  weak  solution  of  caustic  potassa,  nnd  then 
washed  in  water,  but  not  dried.  Chlorine  gas,  however,  which  has 
been  carefully  dried  by  solid  chloride  of  calcium,  and  into  which 
perfectly  dry  litmus  paper  is  introduced,  produces  no  change  of  col- 
our in  the  litmus,  a  suflicient  proof  that  its  bleaching  power  depends 
on  the  presence  and  decomposition  of  water. 

Bleaching       614.  The  bleaching  property  may  be  shown  by  water  impregns- 
Dropeny  il-  ted  with  the  gas. 

»  For  tliis  purpose  fill  a  small  bottle  witli  cold  water,  and  invert  it  on  the  sbelf 

'^'  of  the  pneumatic  trough,  pass  up  chlorine  until  about  one  half  the  water  is  dis- 

placed from  the  liottlo ;  close  its  mouth  with  the  thumb  under  water — agitate  the 
water  and  eas  together — invert  the  bottle  in  a  basin  of  cold  water  and  remove  tha 
thumb.  Water  will  rush  in  to  supply  the  plac^;  of  that  alisorbed ;  mOTe  gis 
may  be  then  passiid  up  and  the  process  repeated  three  or  four  times.  Strips  of 
calico  immersed  in  this  solution  will  soon  be  bleached. 

615.  Dry  chlorine,  is  not  condensable  by  a  cold  of — 40**  F. ;  bnt 
either  the  moist  gas,  or  a  solution  of  chlorine  in  water,  crystallizes  sK 
*33°.  Tfie  crystals  may  be  obtained  by  introducing  into  a  clean 
bottle  of  the  gas,  a  little  water,  and  exposing  the  bottle  for  a  few 
days  to  a  temperature  at  or  below  freezing,  in  a  dark  place.  A  sol- 
Hirdrateof  id  compound  of  chlorine  and  water  is  formed,  which,  in  a  day  or 
chiorme.  two,  sublimes  and  shoots  into  delicate  prismatic  needles,  extending 
from  half  an  inch  to  two  inches  into  the  atmosphere  of  the  bottle. 

These  crystals  are  composed,  according  to  Faraday,  of  35.42  or  1 

atom  of  chlorine  +  90  or  10  atoms  water. 

KfFectof         ^16-  Light  does  not  act  on  dry  chlorine  ;  but  if  water  be  present. 

light.  the  chlorine   decomposes  that  liquid,  unites  with  the  hydrogen  to 

form   hydrochloric   acid,  and  oxygen  gas  is  set  at  liberty.    This 

change  takes  place  quickly  in  sunshine,  more   slowly  in   diffused 

daylight,  and  not  at  all  when  light  is  wholly  excluded.     Hence  the 

necessity  of  keeping  moist  chlorine  gas,  or  its  solution,  in  a  dark 

place. 

Supporter       Chlorine  unites  with  some  substances  with  evolution  of  heat  and 

orcombus-  light,  and  is  hence  termed  a  supporter  of  combustion.     If  a  lighted 

tion.  taper  be  plunged  into  chlorine  gas,  it  burns  for  a  short   time   with  a 


Effea  of  Heat. 
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?d  flame,  and  emits  a  large  quantity  of  smoke.     Phosphorus    Sect,  x. 

re  in  it  spontaneously,  and  burns  with  a  pale   white   light. 

of  the  metals,  such  as  tin,  copper,  arsenic,  antimony,  and 

len  introduced  into  chlorine  in  the  state  of  powder  or  in  fine 

are  suddenly  inflamed.^     In  all  these  cases  the  combustible 

ces  unite  with  chlorine. 

narrow  jar  18  or  20  inches  in  length  with  chlorine,  and  sprinkle  into  it  Combus- 
d  antiiiiuny ;  a  lionutiful  shower  of  the  ignited  metal  will  be  perceived  lion  of 
jar  bec4>uic«  filled  with  dense  whito  fumes,  which  should  us  far  as  pos-  "letals, 
prevented  from  escaping  into  the  room.  £<xp.  i. 

Fif .  158. 
me  mercury  into  a  copper  cup,  attached  to  a  thin  plate  of  cop-    y—p  of  mercury. 


!n58,)  and  rubbed  over  with  a  little  gaklute  to  prevent  tiie  met- 

combinlng,  and  place  it  in  a  bottle  offhe  gas,  afler  heating  it 

ime  of  a  spirit  lamp.    It  will  take  fire  and  combine  with  the 


most  elegant    way    ot    maKmg  tiiese  cxperimenis  consist 
Dg  the  phoMidiurus  or  metallic  leaves  into  a  retort  furnis 
lop-cock,  and  oxhuuHtfd  upon  the  air-pump;  (Fig.  159.)  it  in 
the  cap  of  an  air  jar  of  cnlorinc   also  f\irnishea  with  a  sto 


most  elegant    way    of  making  these  experiments  consists  in 

furnished 

then  screw- 
stop-rock,  and 
over  water  in  the  pneumatic  trough.    Upon  opening  the      Kit.  159. 
e  gas  rushes  from  the  jar  into  tlio  retort,  and  the  pbospho- 
taves  immediately  burn.     A  small  quantity  only   or  the 
hould  be  iiiied,  as  the  heat  is  sudden  and  often  sufficient 
the  retort. 

orts  are  very  liable   to  break  while  exhausting,  it  is  ad- 
ja  cover  thein  with  a  cloth  during  the  process.     B.  139. 

Chlorine  has  a  very  powerful  attraction  for  hy- 
;  and  many  of  the  chemical  phenomena,  to 
shlorinc  gives  rise,  are  owing  to  this  property, 
ing  example  is  its  power  of  decomposing  water 
action  of  light,  or  at  a  red  heat ;  and  most  com- 
mbstanccs,  of  which  hydrogen  is  an  clement,  arc 
d  by  it  of  that  principle.  For  the  same  reason, 
hlorine,  water,  and  some  other  body  which  has 
ig  affinity  for  oxygen,  are  presented  to  one 
',  water  is  usually  resolved  into  its  elements,  its 
»Q  attaching  itself  to  the  chlorine,  and  its  oxy* 
the  other  body.  Hence  it  happens  that  chlorine 
rcctly,  one  of  the  most  powerful  oxidizing  agents 
nre  possess. 

It  is  not  altered  by  exposure  to  very  high  tem- 
esi.  By  means  of  the  apparatus,  (Fig.  160,)  Davy 
I  it  to  the  continued  action  of  charcoal  intensely 
by  voltaic  electricity,  without  the  smallest  change 
roperties. 

■  slobe  a,  of  about  four  inches  diameter,  has  at  its  upper 
liding  wire  jiaMing  air-tight  through  a  ground  collar  6, 
>wer  end  of^  which  is  attached  a  piece  of  well  burned 
e :  at  the  bottom  is  a  stop-cock  supporting  a  pair  of  brass 
IS  which  is  another  poiute<l  piece  of^  charcoal  e;  the  globe 
itcd  upon  the  air-pump,  filled  witli  chlorine,  and  the  stop- 
od  sliding  wire  e  attached  to  the  extremities  of  the  Voltaic 
8 ;  the  charcoal  points  are  then  brought  into  contact  by 
down  the  upper  wire,  and  they  are  thus  retained  as  long 
nry  in  intense  ignition.    B. 


Exp.  2. 


Exp. 


Union  with 
hydrogen. 


Fig.  160. 


Unaltered 
in  high 
tempera- 
tures. 


Cxp. 


hit  is  seen  to  most  advantage  when  ■  very  tall  narrow  jar  is  empk>yed. 
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Chap.  III.       619.  When  chlorine  is  suddenly  and  considerably  condensed  by 
Effect  of     mechanical  pressure,  not  only  heat  is  evolved,  as  frooi  all  other  gas- 
pressuro.     es,  but  it  emits  a  weak  violet  coloured  light  also. 
Liqaefac-        Under  the  pressure  of  about  four  atmospheres  Faraday  discoTe^ 
tiouofchlo-ed  that  chlorine  is  a  limpid  liquid  of  a  bright  yellow  colour,  which 
does  not  freeze  at  the  temperature  of  zero,  and  which   assumes  the 
gaseous  form  with  the  appearance  of  ebullition  when  the  pressure  is 
removed. 
Uied  in  630.  Chlorine  is  useful  for  the  purposes  of  fumigation,  in  destroy- 

lamigauon.  j^^^  ^^^  volatile  principles  given  off  by   putrefying  animal    matter 
and  contagious  cfHuvia.     A  peculiar  compound  of  chlorine  bd^wh 
da,  the  nature  of  which  wrll  be  considered  in  the  section  on  BMnnit 
has  been  lately  introduced  for  this  purpose  by  Labarraque. 
Reco^-  621.  Chlorine  is  in  general  easily  recognised  by  its  colour  and 

'"^^-  odour.  Chemically  it  may  be  detected  by  its  bleaching  property, 
added  to  the  circumstance  that  a  sohition  of  nitrate  of  oxide  of  silfer 
occasions  in  it  a  dense  white  precipitate  (a  compound  of  chlorine  and 
metallic  silver,)  which  becomes  dark  on  exposure  to  light. 

Exp.  Into  a  weak  solution  of  common  lunar  caustic,  drop  a  small  quantity  of  Ike 

watur  impregnated  with  chlorine. 

Those  compounds  of  chlorine,  which  are  not  acid,  are  termed 
chlorides  or  chlorurets* 

Hydrogen  and  Chlorine — Hydrochloric  Acid. 

Composition* 

JFhrm.  Sp.  Gr.  CMor.  Hyd.  Equis, 

H+CL  1.2694    Air     =  l  Bjr  Vol.    200 

18.21       Hyd.  =  1        35.42      +  i        =5      "   Wgt.    UM 

Mariatic  622.  When  equal  volumes  of  hydrogen  and  chlorine  gases  are 
acid  gas.     ^ixed  and  exposed  to  light,  they  combine  and  produce  a  sour  com- 

pound  commonly  called  muriatic  acid  gas  ;  or  in  conformity  to  more 

modern  nomenclature  hydrochloric  acid  gas. 
623.  Chlorine  and  hydrogen  gases  act  with  considerable  energy 

upon  each  other,  and  with  different  phenomena  accordingly  as  this 

experiment  is  conducted. 

Explosion  If  a  phiol  be  entirely  filled  with  a  mixture  of  hydrogen  and  chlorine  gun  n 
of  chlorine  equal  proportions,  and  a  well  sround  stopper  l>c  introduced,"  no  action  takw 
and  hydro-  place,  provided  light  be  carefully  and  completely  eicluded,  even  by  ■tipding 
8^0*  some  time  ;  hut  on  applying  a  lighted  taper,  the  gases  immediately  explode. 

Into  a  small  but  strong  vessel,  guarded  from  the  light,  introdues 
equal  volumes  of  the  two  gases,  and  inflame  the  mixture  by  the 
electric  spark,  hydrochloric  acid  gas  results.  The  apparatus  showa 
at  Fig.  133,  may  be  used  for  the  purpose. 

The  vessel  ithnuld  bo  previously  exhausted  by  the  air  pump,*  and  then  fiM 
Exp.  with  the  mixed  gaaon.    An  electric  Hpark  may  now  be  passed  through  the  mil* 

ture,  when  n  detonation  will  ensue,  to  avoid  any  injury  from  which,  the  icwl 
should  hn  wmp|»vd  in  several  folds  of  cloth.  If  the  cock,  attached  to  the  tm* 
Kcl,  bo  opened  under  mi*rrury  iu  about  a  quarter  of  an  hour,  very  little  of  tW 
fluid  will  enter,  proviiig  that  the  volume  of  ^os  after  the  experiment  is  KOtcly 
diminirihed ;  that  it  i^  aimiaislied  at  all,  is  owmg  to  a  small  portion  of  air  beilf 


*  The  foot  a  being  unscrewed,  and  the  end  of  the  stop-cock  connected  with  lbs 
pump  plate. 
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ith  the  other  gates :  and  it  was  found  by  Davy  that  the  more  perfectly     gaet.  x. 

eluded,  the  less  is  the  amount  of  the  contraction  of  volume.    If  the 

w  opened  under  water,  and  left  there  for  a  few  minutes,  the  water 
nd  to  have  ascended  and  entirely  filled  the  vessel. 

f  a  phial  containing  the  mixed  gases  be  exposed   to   the  Effect  of 
s  a  detonation  will  ensue,  which  will  probably  drive  out  the  ^iffht 

But  H*  this  should  not  happen  the  stopper  may  be  removed 
Iter,  which  will  ascend  and  completely  fill  the  phial  as  in 
3r  experiment. 

ncy  of  light  may  be  beautifully  shewn  by  filliag  a  tube  about  half  an  Ryp 
)ter,  and  VZ  inches  long,  with  the  mixed  gases,  and  alternately  shading 

opaque  cover,  and  exposing  it  to  the  sun*s  rays.  The  moment  the 
Kited  even  to  the  diffused  light  of  dajr,  a  cloudiness  will  appear  within 
t  water  will  ascend  more  or  less  rapidly  according  to  the  mtensity  of 

The  effect  even  of  a  passing  cloua  is  distinctly  seen  in  retarding  the 
'the  combination,  whicn  is  very  striking  in  the  full  solar  light.* 

The  intense  light  issuing  from  charcoal  points  connected 
iwerful  galvanic  battery  is  as  efieaual  as  solar  light  in  act- 
lijrdrogen  and  chlorine  gases ;  showing  a  curious  analogy 
electric  and  solar  light ;  for  ordinary  artiOcial  light  does  not 
e  the  combinaiion.t 

hydrochloric  acid  gas  differs  essentially  from  either  of  its  Hydra- 
nts, and  especially  in  being  instantly  absorbed  by  water.  To  chloric  acid 
it,  therefore,  in  a  gaseous  state,  it  is  necessary  to  confine  it  ^^' 
silver. 

!t  was  generated  by  Faraday  in  close  tubes,  from  hydrochlo-  Liquid, 
tnmonia  and  sulphuric  acid,  in  a  liquid  state,  and  its  refrac- 
sr  was  found  inferior  to  that  of  water.     The  pressure  of  its 
t  50^  F.  was  equal  to  about  40  atmospheres. 

To  obtain  hydrochloric  acid  gas  in  sufficient  quantity  for  the  process  for 
n  of  its  properties,  the  direct  combination  of  chlorine  and  obtaining. 
a  gases  is  not  an  eligible  process.     It  may  be  procured  much 
ivenienily  by  the  action  of  sulphuric  acid  on  sea-salt 

tabulated  gas  bottle,  (Fig.  87,  a,)  be  about  one  fourth  or  one  third, 
I  well  dried  sea-salt,  in  lumps,  not  in  powder.  To  this  adapt  the  acid 
,  filled  with  concentrated  sulphuric  acid;  and  let  the  aperture  of 
lipo  «,  terminate  under  a  iar  filled  with,  and  inverted  in  quicksilver. 
eoaiiHinieation  between  the  acid  and  the  salt,  by  turning  the  cock,  d; 
lUately  on  the  contact  of  these  two  bodies,  an  immense  quantity  of  hy- 
i«cid  gas  will  be  disoiupiged.  A  common  or  tubulated  gas-M>ttle,  or 
retort  will  answer  su^iuntly  well  for  procuring  the  gas.  l*he  first 
bat  come  over,  may  be  allowed  to  escape  under  a  chimney ',  because 
oontaminated  by  the  admixture  of  common  air  present  in  the  bottle. 
M|oent  portions  may  be  preserved  for  use. 

This  gas  was  first  obtained  pure  by  Priestley,  but  its  compo-  fiYuton 
u  discovered  by  Scheele,  and  has  since  been  most  ably  in- 
m1  by  Davy.     Sea-salt  was  formerly  supposed  to  be  a  com- 
r  hydrochloric  acid  and  soda ;  and,  on  this  supposition,  the 

beta  supposed  that  the  direct  beams  of  the  sun  were  necessary  to  explode  caouon, 
ofchlonneand  hydrogen  q^ases ;  but  SiUiman  has  related  the  accidental  ex* 
a  nuixture  of  the  ffaseK,  in  the  quantity  that  filled  a  Florence  nil  flask,  not 
no  direct  solar  light  fei)  upon  it,  but  when  the  diflTuse  light  of  dav  was  rsn- 
I  feeble  than  common  by  a  thick  snow-storm.*  This  fact  famisnes  a  cau- 
•t  mixing  the  two  gases  io  considerable  quantities. 

c,  PkU,  Trtuu.  1820. 


•  «••  Awm,  J^w.  ^  8ti  m.  349. 

24 


186  Chlorine  and  Hydrogen. 

ohap.iiL  soda  was  believed  merely  to  quit  the  hydrochloric  and  unite  wilb 
sulphuric  acid.  But  the  researches  of  Gay-Lussac,  Thenard,  and 
Davy  proved  that  it  consists  of  chlorine  and  sodium  combined  in  the 
ratio  of  their  equivalents.  The  nature  of  its  action  with  sulpharic 
acid  will  be  understood  by  comparing  the  elements  concerned  in  the 
change  before  and  after  it  has  occurred : — 

Hydroui  Sulp.  Acid.       Chloride  of  Sodium.  Snip,  of  Soda.  HydracUorie  AdL 


Real  acid  40.1        Chlor.      35.45 

Water  J  ^y^;   ^  Sodium    23.3 


Acid  40.1      Chlor.       3S.4S 

^^  {c^y.  V  «yd.      1 

Or  in  symbols, 
(S+30)+(H+0},  aod  Na+Cl,  yield  (Na+0)+(S+30),  and  H+CL 

Thus  it  appears  that  single  equivalents  of  water,  sulphuric  acid, 
and  chloride  of  sodium,  yield  sulphate  of  soda  and  hydrochloric  acid. 
The  water  of  the  sulphuric  acid  is  essential;  so  much  so,  indeed, 
that  chloride  of  sodium  is  not  decomposed  at  all  by  anhydrous  sul- 
phuric acid. 
Properties.  ^30.  It  has  a  very  pungent  smell ;  and  is  sufficiently  caustic  to 
blister  the  skin,  when  applied  to  it  for  some  time.  When  brooglit 
into  contact  with  common  air,  it  occasions  a  white  cloud,  owing  to 
its  union  with  the  aqueous  vapour,  which  is  always  present  in  tht 
atmosphere.  It  is  heavier  than  common  air. 
Exdo-  631.  It  extinguishes  a  lighted  candle.     Before  the  flame  goes  out, 

Boishei      the  upper  patt  of  it  assumes  a  greenish  hue.     A  white  vapoar  also 
^*        surrounds  the  extinguished  wick,  owing  to  the  combination  of  water, 
produced  by  the  combustion  of  the  candle,  with  the  acid  gas. 
Absorbed        632.  Hydrochloric  acid  gas  is  greedily  absorbed  by  water,  which 
by  water,    ^t  40*  F.  Davy  found  to  take  up  about  480  times  its  bulk,  forming  a 
solution  of  specific  gravity  1.2109.* 

I^rp,  Fill  *■  narrow  jar,  Or  tube  closed  at  one  end,  with  the  acid  gas,  over  uMiair, 

and  through  the  latter  pass  up  a  few  drops  of  water;  the  gas  will  be  rapidly  v> 
sorbed,  and  the  mercury  will  rise  in  the  vessel. 

The  acid  property  of  the  solution  may  be  shown  as  follows  :— 

Exp.  Take  a  long  tube  filled  with  the  |as  at  the  mercurial  trough,  close  it  Willi  ihi 

thumb  or  finger,  transfer  it  to  a  basin  of  water  coloured  blue  by  an  iDibi'      ' 
cabbage,  and  remove  the  finger  under  the  surface  of  the  water ;  the  gmi»i 
diately  condensed,  the  coloured  water  is  forced  up  the  tube  by  atmoq>h<rie 
sure,  and  reddened  at  the  same  time  by  the  acid  gas. 

Ijiyp  Into  a  similar  vessel  filled  with  the  gas  introduce  a  piece  of  ico  ;  iCwill  btS- 

quefied,  almost  as  rapidly  as  if  touched  with  a  red*hot  iron,  and  the  gas  irill  b* 
absorbed. 


The  quantity  of  real  acid  contained  in  solutions  of  difliereot 
ties  may  be  determined  by  ascertaining  the  quantity  of  pare  maiUl 
dissolved  by  a  given  weight  of  each.  Every  50.6  grains  of  naiUi 
correspond  to  36.42  of  real  acid. 
Analysis.  ^^*  When  a  mixture  of  oxygen  and  hydrochloric  acid  gassi  n 
either  electrified  or  transmitted  through  a  red-hot  porcelain  tabe»tkc 
oxygen  unites  with  the  hydrogen  of  the  acid,  and  the  Mmned 
the  latter  is  set  at  liberty.  A  similar  mixture  Henry  found  lokl 
also  decomposed  by  being  exposed,  at  a  temperature  of  250°  P*  ^ 

*  Elements f  p.  252.    For  Uble  of  specific  gravity  of  add  of  diflereot  straBgtkik  M* 
Appendix. 
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with  the  plaiinuni  apon^.    Watoi  is  formed  and  the  diiea-   Sia.  x. 
chlorine   acls   on    the   mercury  used   to  confine  the   gu.* 

It  is  in  the  state  of  watery  coroblnation  that  hydrochloric  acid  Liquid  hy- 
for  chemical  purposes,  and  all  the  processes  for  preparing  the  dTocbUine 
icid  have  for  iheir  object  the  diwagagemont  of  the  acid  gas,  ^ui]i«r 
abaorplion  by  water, 
saiuraliag  water  with  this  gu  we  commonly  employ  WouUe's 


nnl  inilucei,  ih<  labcURca  niicd  by  didillilioa  i>  psrtlf  ■  coDdennbll  li-  w_, 
nnlf  BBag,  which  it  not  condniicd,  till  it  u  brought  into eoatul  irilh  waMt.nM. 
Uiitaounls  purpoH,  ■  uries  or  ncdTsn,  larmed  W^rui/e't  apparatuM,  U 
1.    Tlw  firal  mxiatt  (a,  Pig.  ISI)  hu  ■  liibl-anglad  glui  lube,  open  it  bolb 
Flf.  JSl. 


!(,  lika  the  fini,  under  < 

niffal  labc  open  ■[  Inih  cndi,  i«  flHit,  to  that  ill  loirw  end  but  b*  B  lilll* 

baiurfaceorthe  liquid.     Ofthau  bolUu  u;  Dumtirr  niBjr  tw  cmplojred  Ibat 

1,  (hi  irraueiDanI  completed,  and  thi 
■         ■■  ifecuin      •      ■ 

'h'rnt__     _.__ 
igh  ibfl  lecoid 


■tarial*  beiog  iatraduosd  ia 


•nd,  the  diaiillsiion  11  bfgua.  Ths  coodcauble  npour  colhcU  in  ■  liquid 
tf  hallooo  b,  whils  ihc  CTolfed  gai  pauei  (hrough  Ihe  benl  uipe ,  bennth  (be 
'rin  walariac,  whichconiinuedoabiorbitlitlulDmed.     Whrn  the  water 


?7JP 


mora.  Ihe  ga*  pasMi,  uncoodenied, 
ne  Hiirr  of  ihe  aecond  bottle,  which,  in  ila  luin, 
Df  be  prodncfd,  which  ii  not  abiorbable  by 
tnd  may  he  collected,  if — 


3[lfaeboltli 
Kular  tahe*.  the  procrti  would 

■ooieqiieDce  of  1  diminished  lem,. , , 

1  Mka  place  in  the  retort,  aad.  of  couth,  in  ihaliaUooa  b, 
I  tba  water  of  the  boltlet  c  and  d  would  he  forced,  hy   ' 


iMoneDtly,  without 
irplioa  or  condenntiDH  of 


>t  with 


lecetaarily 

-'  -he  at- 

>riba 

apply  any  accidealal 

ly  obTiaied  by  Wel- 


baa.  aaaffieitnl  quinlity  orair  niibei  Ihniugii 

■  nrMfeiy,  e,  which  supenedes  the  eipedieocy 

hciog  idjiuted,  as  ihown  by  the  Ssure,  a  imill  quantity  of  wmer  i*  poured 
mmI.  ao  as  10  abnul  half  fiU  iha  l-«ll  d.     When  my  aliMrptioa  happeai,  the 

in  Iha  ball,  liil  none  remaioi  in  ihe  lube,  when  a  qaaniily  of  air  irrunedialely 
On  ibeoLher  hand,  no  gii  can  eecape.  hecauie  any  peeuure  from  wiihin  it 
Ulaacd  by  the  fonnaliou  of  a  high  column  of  liquid  in  Ihe  perptBdicular 
ik  Naiau  tha  efieee  of  gai.— A  cooienicnt  apparaiiu  foe  Ibt*  aad  aisiikt 
ia  dMctibad  ia  Bravaiat**  JEdin-  ■'rar.  tiii-  f. ». 
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Chap.  in.  i>  better  to  surround  with  eold  water,  or,  still  preferably,  with  ice  or  mow ;  bt- 
'■  caope  the  condensation  of  the  gas  evolves  considerable  neat,  which  prevents  tkt 
water  from  attaininff  its  full  impregnation.  When  the  whole  of  tlie  sulphoriB 
acid  has  been  added,  and  the  gas  no  longer  issues,  let  a  fire  be  lighted  in  tbe  kh 
nace  beneath  the  sand  bath,  removing  the  bent  tube  a,  and  subetitnting  a  wtll 
ground  glass  stopper.  This  will  renew  the  production  of  gas ;  and  the  tonpen^ 
ture  must  be  preserved,  as  long  as  ^  continues  to  be  evolved.  At  this  penod  il 
is  necessary  to  keep  the  lutinc  which  connects  the  retort  and  receiver,  DcHbelly 
cool.*  Towards  the  close  of  3ie  process,  a  dark  coloured  liquid  is  conoenasd  ii 
the  first  receiver,  consisting  of  a  mixture  of  sulphuric  and  hydrochloric  acidic 
When  nothing  more  comes  over,  the  operation  may  be  suspended,  and  iIm  iMpid 
in  the  two  receivers  must  be  preservea  in  bottles  with  ground  steepen.  It  coa- 
futs  of  liquid  hydrochloric  acid.    H.  272. 

635.  When  hydrochloric  acid  is  thus  dissolved  in  water,  it  forai 
the  liquid  muriatic  acid^  or  spirit  of  salt.     When  pure  it  is  perfecth 

Impurities,  colourless,  but  it  is  generally  impure.  Its  usual  impurities  are  aitnc 
acid,  sulphuric  acid,  and  oxide  of  iron.  The  presence  of  nitric  acid 
may  be  inferred  if  the  hydrochloric  acid  has  the  property  of  dissdr- 
ing  gold-leaf.  Iron  may  be  detected  by  ferrocyanuret  of  po1a«tiuo, 
and  sulphuric  acid  by  chloride  of  barium,  the  suspected  bydrochloric 
acid  being  previously  diluted  with  three  or  four  parts  of  water.  The 
presence  of  nitric  acid  is.  provided  against  by  igniting  the  tea«tih, 
in  order  to  decompose  any  nitre  which  it  may  contain.  The  odier 
impurities  may  he  avoided  by  employing   Woulfe's   apparatus. 

636.  Liquid  hydrochloric  acid  emits  white  suffocating  fumes,  cob- 
sisting  of  hydrochloric  acid  gas,  which  become  visible  by  contact  with 
the  moisture  of  the  air  (630).     When  heated  in  a  retort,  the  gaiii 

p^  disengaged,  and  may  be  collected.     It  is  not  decomposed  bv  die 

oftEe  *^*   contact  of  charcoal,  or  other  combustible  bodies.    When  diluted  with 

liquid  acid,  water,  an  elevation  of  temperature  is  produced,  less  remarkable, 

however,  than  that  occasioned  by  diluting  sulphuric  acid  (66) ;  aod 

when  the  mixture  has  cooled  to  its  former  temperature,  a  dimioation 

of  volume  is  found  to  have  ensued. 

Combines       637.  Hydrochloric  acid  combines  readily  with  alkalies,  and  with 

withalka-   most  of  the  oxides  both  in  their  pure  and  carbonated  state.t    R  i.  »*• 

^''  A  mixture  of  nitric  and  hydrochloric  acids,  in  the  ratio  of  one 

Aqua  regis,  measure  of  the  former  to  two  of  the  latter,  has  long  been  known 

under  the  name  of  aqua  regia,  as  a  solvent  for  gold  and   fdatinam. 

When  these  acids  are  mixed  together,  the  solution  instantly  becooef 

yellow ;  and  on  heating  the  mixture,  pure  chlorine  is  evolved,  and 

the  colour  of  the  solution  deepens.    On  continuing  the  heat,  chtoriae 

and  nitrous  acid  vapors  are  disengaged.     At  length  the  evolatiraof 

chlorine  ceases,  and  the  residual  liquid  is  found  to  be  a  solotiooef 

hydrochloric   and   nitrous  acids,   which  is   incapable  of  dissoffia^ 

gold.     The  explanation  of  these  facts  is,  that  nitric  and  hydrocUoric 

acids  decompose  one  another,  giving  rise  to  the  production  of  wtftf 

and  nitrous  acid,  and  the  separation  of  chlorine;  while  hydrocbkrk 

and  nitrous  acids  may  be  heated  together  without  mutual  deconp 

*  The  day  aod  saod  lute  is  the  best  for  this  junctare. 

t  For  a  Cull  account  of  the  opinions  which  have  been  maintained  uuwssiuf  ^ 
nature  of  chlorine  and  hydmchloric  acid,  the  reader  is  referred  to  the  coatrofafy^' 
tween  Murray  and  J.  Davy,  in  the  S4lh  vol.  of  ^iehtntcn^t  Jour.  -,  to  DtTy^papv* 
the  PhU,  Tran».  for  1818,  p.  169  j  to  the  ^th  vol.  of  Trans,  Roy.  Soe.  Bdm. ;  ibsi^ 
qfPhilos.  xii.  379  and  xiii.  26, 286 ;  and  to  a  paper  by  Phillips,  is  the  aew  ioiM* 
that  work,  toI.  i.  p.  27,  on  the  action  of  chloriaes  on  water. 
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litloo.     It  is  hence  inferred  that  the  power  of  nitro-hydrochloric  acid    s^cux. 
in  dissokin^  gold  is  owing  to  the  chlorine  which  is  liberated.'^   * 

638.  Hydrochloric  acid  is  distinguished  by  its  odour,  volatility,  Hydrochlo- 
ind  strong  acid  properties.  With  nitrate  of  oxide  of  silver  it  yields  ric  add  dis- 
ihe  same  precipitate  as  chlorine  ;  but  there  is  no  difficulty  in  dis-  tinguished. 
lid^ishing  between  them  ;  for  the  bleaching  property  of  the  former 

is  a  sure  ground  of  distinction. 

639.  The  experiments  of  Davy,  and  Gay-Lussac  and  Thenard  Compoti- 
MMicur  in  proving  that  hydrogen  and  chlorine  gases  unite  in  equal  tioo. 
rolttines,  and  that  the  hydrochloric  acid,  which  is  the  sole  and  con- 

itaot  product,  occupies  the  same  space  as  the  gases  from  which  it 
IS  formed.  From  these  facts  the  composition  of  hydrochloric  acid 
is  easily  inferred.    For,  as 

50  cubic  inches  of  chlorine  weigh  38.2994  graint. 

50  »♦  hydrogen  1.0683      »» 

100  cnbic  inches  of  hydrochloric  acid  gas  must  weigh        39.3G77 

These  numbers  are  nearly  in  the  ratio  of  1  to  35.42,  being  that  of 
niigle  eq.  of  chlorine  and  hydrogen.  Hence  its  eq.  is  as  already 
Mated. 

Compounds  of  Chlorine  and  Oxygen. 

640.  The  leading  character  of  these  compounds  is  derived  from  Leading 
the  circumstance  that  chlorine  and  oxygen,  the  attraction  of  which  c'^^'*"^'' 
lor  most  elementary  substances  is  so  energetic,  have  but  a  feeble 
affinity  for  each  other. 

They  cannot  be  made  to  combine  directly,  and  very  slight  causes 
wtkct  their  separation. 

Two  volumes  of  chlorine,  as  also  two  of  hydrogen  and  of  nitro- 
gen correspond  to  one  equivalent  or  atom.t 

Hypochlorous  Acid. 

Coropojution. 

Jbrm.  Sp,  Gr,  Odor.      Oxy.  Chem.  Equiv, 

CH-0,  Ol,  or  CIO        3.0212        By  Wght.  35.42    =:    8  43.42 

•^  Vol.       2  =    1 

641.  This   gas  was  discovered  in   1811   by   Davy  and  describ- Discovery. 
ed  under  the  name  of  EuMorine.X    Until  recently  it  has  been  con- 
sidered to  be  the  protoxide  of  chlorine. 

643.  It  is  obtained  by  the  action  of  hydrochloric  acid  on  chlorate  Process. 
of  polassa, 

Tw«hre  parts  of  acid  diluted  with  an  equal  weight  of  water  may  be  poured 
l^pott  fi¥e  parts  of  the  salt  (50  or  100  srains  will  be  sufficient);  a  very  gentle 
'  *•  to  DO  applied  by  a  small  spirit  Tamp,  and  the  gas  may  be  collected  over 


643.  This  gas  is  ^nerally,  if  not  always,  best  made  in  a  tube  retort,  formed 
ftocD  a  piece  of  plain  glass  tube,  about  half  an  inch  in  diameter,  two  or  three 

^  Davy  in  Quorf.  Jour.  toI.  1. 

t  Denelivs  considers  the  atoms  of  all  elements  as  possessing  the  same  ro^ome, 
aai  regards  the  compounds  of  chlorine  and  oxygen  as  composed  of  two  eqoiT.  of 
cMofiae  and  one,  four,  five  and  seren  of  oxygen. 

t/^fcOss.  TVons. 
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Chap.  ni.    incliea  in  length,  according  to  circumstances,  and  closed  at  one  P^  1^ 

— end.  (Fig.  162.)  The  mouth  should  be  fitted  with  a  good  perfora-         ■ 

ted  ci>rk,  having  a  Mmall  tube  fixed  into  it,  which,  aher  proceed- 
ing about  an  inch  upwards  from  the  cork,  is  to  turn  on  neariy 
at  rigiit  angles  tor  about  three  inches,  and  then  return  to  its  first 
direction  ror  about  the  eighth  of  an  inch.  This  piece  of  tube 
is  the  neck  of  the  retort,  whilst  the  wide  short  piece  is  the 

bod]^ ;  the  latter  having  received  its  charee,  the  cork  is  to  b^      ^ 

put  in  and  made  tight  by  cement,  when  the  distillation  may  be  proceeded  wiA, 
and  the  gas  evolv^  and  collected.     F. 

Caation.  Great  care  should  be  taken  in  preparing  this  gas,  as  it  ezpiodei 
violently  when  exposed  to  a  moderate  heat,  though  nothing  is  aaati 
with  it ;  when  the  spirit  lamp  is  used,  it  should  be  held  immediatriT 
below  the  retort,  so  as  not  to  play  on  its  sides,  and  the  gas  shoaU 
then  come  slowly  away,  producing  a  very  moderate  efienresoenee.* 

644.  When  the  object  is  merely  to  notice  a  few         *>i'  *•*• 
of  the  properties  of  the   gas,   it  may  be  obtained 
from   materials  placed   in   a  glass  tube,  15  or  16 
inches  in  length  and  about  an  inch  in  diameter,  sur^ 
rounded  by  water  and  heated,  as  in  the  Fig.  163. 

Theorgr.  645.  The  production  of  this  gas  is  explicable  by 

the  fact,  that  hydrochloric  and  chloric  acids  mutual- 
ly decompose  each  other.  When  hydrochloric  acid 
and  chlorate  of  potassa  are  mixed  together,  more  or  less  of  the  p^ 
tassa  is  separated  by  the  hydrochloric  acid  from  the  chloric  acid,  anl 
the  latter  being  set  at  liberty,  reacts  on  free  hydrochloric  acid.  Tht 
result  depends  upon  the  relative  quantities  of  the  materials.  If  kj- 
drochloric  acid  be  in  excess,  the  chloric  acid  undergoes  complete  db* 
composition.  For  each  eq«  of  chloric  acid,  five  eq.  of  hydrochloric 
acid  are  decomposed :  the  five  eq.  of  oxygen  contained  in  the 
former,  unite  with  the  hydrogen  of  the  latter,  producing  five  eq. 
of  water;  while  the  chlorine  of  both  acids  is  disengaged.  ICoa 
the  contrary,  chlorate  of  potassa  be  in  excess,  the  chloric  acid  is  de- 
prived of  part  of  its  oxygen  only ;  the  products  are  water  and  tin 
euchiorine  of  Davy. 

646.  The  chloric  and  hydrochloric  acids  react  on  each  other  ii 
the  ratio  of  one  eq.  to  two,  or,  what  is  the  same  thing,  in  that  of 
four  eq.  to  eight  eq. ;  ihus 

4  (CI+50)  ...  8  (H  +0) 

and  8  (H  +C1 )  y^"*  12  (CI-|-0) 


*  In  rf  ference  to  the  distillation  of  this  gas,  and  of  all  other  ezplotive 
the  stu  ient  should  be  aware  of  the  caution  required  to  prevent  accidents,  in  cass  cxptt* 
sion  should  occur.  Whenever  such  an  effect  is  probable,  the  Teasel  shoold  ba  •«• 
rounded  with  tow  or  cloth,  that  if  it  break,  the  fragments  may  be  retained ;  anddimf 
distillation  the  side  of  the  apparatus,  or  that  part  which  is  narded  by  the  tow,  isifb 
turned  towards  the  eyes,  that  they  at  least  may  be  out  of  danger.  It  it  not  easyM 
wrap  tow  regularly  and  tightly  round  a  clean  glass  tube,  from  iu  tendency  to  slip  t** 
the  surface ,  but  the  difficulty  is  easily  obTtated,  b]r  rubbing  the  oatside  of  ttolibi 
with  soft  cement,  or  a  very  little  turpentine  with  a  piece  of  tow  or  dotli,  to  M  la  Hi* 
der  it  slii^hily  adhesive  to  the  fingers.     Faraday  p.  409. 

Silliman  prefers  placing  the  materials  for  proaucing  the  fras  in  a  small  gla»iMk 
furnished  with  s  lube  l»ent  twice  at  right  angles,  and  passing  to  the  bolloBof  99 
clean  dry  phial,  flisk,  or  tube,  rather  deep  with  a  narrow  neck,  a  gentle  heat,  appM 
lieneath  the  flask,  soon  disengages  the  euchlorme  gas,  which,  by  its  great  weifttt,dii- 
places  the  common  air  from  the  recipient,  and  taken  its  place.  By  using  toofi,  fit* 
perly  curved,  so  as  to  embrace  the  phials  or  tubes  filled  with  the  gas,  the  opemior  Bsf 
perform  all  the  necessary  experiments,  without  danger  of  causing  an  tzpkMiaa  by  the 
warmth  of  the  hand.    Amcr.  Jour.  vi.  166. 
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ta  thus  obtained,  is  not  a  distinct  compound,  but  a  mixture    9tux. 

ne  and  chlorous  acid.     T.  9i8. 

The  process  for  obtaining  the  pure  acid,  is  to  pour  into  bot-  Procett  for 

I  with  chlorine  gas,  peroxide  of  mercury  in  fine  powder,  and  the  «»• 

ith  twice  its  weight  of  distilled  water ;  by  brisk  agitation 

rine  is  rapidly  and  completely  absorbed,  if  a  slight  excess  of 

xide  be  used.     By  this  process  one  portion  of  the  peroxide 

iry,  HgO^  is  decomposed,  both  its  constituents  combining 

lorine ;  the  mercury  forming  corrosive  sublimate  HgCl',  and 

^n  hypochlorous  acid.     The  latter  remains  in  solution  in 

T ;  while  the  former,  by  combining  with  undecomposed  per- 

mercury,  forms  the  sparingly  soluble  oxvchloride  of  mer- 
lich  is  separated  by  filtration.  The  hypochlorous  acid  being 
is  obtained  pure  by  distillation  ;  the  temperature  being  kept 
12°  as  the  acid  decomposes  at  that  heat.  The  process  is 
brmed  under  reduced  pressure. 

^»thus  obtained,  hypochlorous  acid  is  a  transparent  liquid  properticf. 
htly  yellow  colour ;   when  concentrated,  with  a  strong  pene- 
•dour,  similar  to  that  of  chlorine.  It  acts  powerfully  upon  the 
d  bleaches. 

tasily  decomposed,  chlorine  being  erolved  and  chloric  acid 
i ;  a  change  efiTected  by  light  and  instantly  by  the  direct 
the  sun.     It  is  nlso  decomposed  by  angular  bodies,  as  by 

glass. 

It  is  one  of  the  roost  powerful  oxidizing  agents  ;  its  action.  Oxidizes. 
,is  rarious  and  is  principally  observed  in  relation  to  the  sim- 
metallic  elements.     Its  action  on  the  more  perfect  metals  is 
rith  the  exception  of  iron  and  silver,  which  in  a  state  of  mi- 
ision  instantly  decompose  it. 
Hypochlorous  acid  has  also  been  obtained   in  the  gaseous  Another 

introducing  a  small   quantity   of  its  concentrated   solution  pmceM. 
dl  glass  over  mercury  and  adding  fragments   of  dry   nitrate 
The  latter  unites  with  the  water  and  the  acid  gas  escapes. 
i  is  of  a  yellowish  green  colour ;  it  unites  rapidly  with  water 
beorbs  at  least  100  times  its  volume. 

It  detonates  by  a  slight  increase  of  temperature,  and  oxygen  Specific 
>rine  are  the  results  ;  100  measures  produce  100  of  chlorine  g^^ity.^- 
>f  oxygen.*     From  these  data  its  sp.  gr.  is  3.0212  ;  its  eq. 
eq.  vol.  =  100;  symb.  Cl+0,  CI,  or  CIO.     (T.) 


Chlorous  Acid, 

|fn6. 

i « 

Sp.  Gr. 

Composition. 
CfU.                     Ory. 

Elquit. 

i5yittr.  Vol. 

norC10« 

2.3374 

By  Wght.  36.42         32 
"    Vol.      2                4 

67.42 

=    200 

This  compound  was  discovered  by  Davy  in  181 .5,  and  soon 
Count  Stadion  of  Vienna.  It  has  heretofore  been  described 
mraxide  of  chlorine,  but  having  been  found  to  possess  acid 
>8,  and  to  form  definite  compounds  with  alkaline   bases,  it 

*  Balard  Ann.  de  Chim.  et  de  Phy  Wii.  225. 
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chap«m.  must  now  be  called  chlorous  acid.     It  is  fprmed  by  the  actioo  of  sul- 
phuric acid  on  the  chlorate  of  potassa. 

Method  of  '^^  procure  it,  50  or  60  grains  of  the  powdered  chlorate  of  potaan,  ara  to 
obtaining,  be  mixed  with  a  Bmall  quantity  of  concentrated  sulphuric  acid.  When  tbor- 
oughly  incorporated,  a  solid  mass  will  result,  of  a  bright  oraoce  colour.  This  is 
to  be  introduced  into  a  very  small  retort  of  gl^us,  or  a  bent  tune,  which  is  to  bt 
exposed  to  the  beat  of  water  gradually  warraedj  but  prevented  from  attainin 
the  boiling  point,  by  an  admixture  of  spirit  of  wine. 

Theory.  6^*  In  this  process  the  sulphuric  acid  decomposes  sooie  of  tht 

chlorate  of  potassa,  and  sets  chloric  acid  at  liberty.     The  chlorie 

acid  at  the  moment  of  separation,  resolves  itself  into  chlorous  acid  and 

oxygen  ;  the  last  of  which,  instead   of  escaping  as  free  oxygen  p»f 

goes  over  to  the  acid  of  some  undecomposed  chlorate  of  potasae,  and 

converts  it  into  perchloric  acid.     The  products  are  bisulphate  and 

perch lorate  of  potassa,  and  chlorous  acid.     It  is  probable  that  evoj 

three  eq.  of  chloric  acid  yield  one  eq.  of  perchloric  and  two  e^  it 

chlorous  acid.    T. 

Salto  of,         654.  This  acid  readily  unites  with  the  alkalies  and  alkalioe  earthi, 

and  the  union  is  effected  by  transmitting  the  gas  into  the  alkalioa 

solutions.     The  salts  are  soluble  in  water  and  bleach. 

Decompo-       655.  It  is  decomposed,  at  common  temperatures,  by  phosphoiWi 

*h^  ^\       which  occasions  an  explosion  when  introduced  into  it.     It  explodes 

aad'feat"'  violently  at  212°,  and  great  care  is  necessary  in  operating  with  it 

Chloric  Acid. 

CompositioB. 
JPhm.  Odor.  Oxy,         Eqwim^ 

Cl+60,  CI,  or  ClOs  ByWght.  85.42  40  7f.4t 

"   Vol       2  6 

656.  When  a  current  of  chlorine  gas  is  passed  into  a  strong  solu- 
tion of  pure  potassa,  part  of  the  alkali  is  decomposed  and  chloride  of 

Process,  potassium  and  hypochlorite  of  potassa  are  generated.  On  briono^ 
the  solution  to  the  boiling  point,  the  latter  salt  is  decomposed.  The 
changes  are  complicated  ;  from  experiments'^  nine  eq.  of  hypochlo- 
rite of  potassa  produce  one  eq.  of  chlorate  of  potassa,  eight  eq.  d 
chloride  of  potassium,  and  twelve  eq.  of  oxygen  :  or  thua 

9  (KO+CIO)    yield    (KO+CIO*),  8KCI    and    BO 

657.  When  weak  sulphuric  acid  is  added  to  a  dilute  soIatioB  iT 
chlorate  of  baryta,  exactly  sufRcient  for  combining  with  the  buf»t 
sulphate  of  baryta  subsides,  and  pure  chloric  acid   remains  in  lb 
liquid. 

658.  This  acid  was  first  obtained  by  Oay-Lussac.     It  reddMt 
Properties,  vegetable  blue  colours,  has  a  sour  taste,  and  forms  neutral  salts,  cd- 

Icd  chlorates  (formerly  hyperoxymuriates.)  It  has  no  bleaching  pio^ 
ertics,  nor  does  it  afford  a  precipitate  with  solution  of  nitrate  of  00* 
of  silver. 

659.  Chloric  acid  is  easily  decomposed  by  oxidizing  agents;  tf" 

l>«cr>mpos-  it  is  easily  known  by  forming  a  salt  with  potassa,  which         -  "j— 
ed. * 

*  Of  Morio,  Soubeirain,  and  Balard. 
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ftbles  and  hat  a  pearly  lustre,  deflagrates  on  burning  coals,  and    BmuX. 
ds  chlorous  acid  by  the  action  of  concentrated  sulphuric  acid* 


Perchloric  Add. 

Compotitioo. 

•  •  • 

Chi.            Oxy. 

Eqid9. 

01+70,  CI  or  C107 

By  Wfht.  36.4t       .      S6 

91^ 

60.  The  saline  matter  which  remains  in  the  retort  after  forming 
Mrous  acid,  is  a  mixture  of  perchlorate  and  bisulphate  of  potassa, 

by  washing  it  with  cold  water,  the  bisulphate  is  dissolred  and 
perchlorate  is  left.  This  acid  may  be  prepared  from  the  salt  by 
iDg  it  in  a  retort  with  half  its  weight  of  sulphuric  acid,  diluted 
ii  one  third  water,  and  applying  heat  to  the  mixture.  At  the 
perature  of  about  284^  F.  white  Tapours  rise,  which  condense  as 
iiourless  liquid  in  the  receiver.  This  is  a  solution  of  perchloric 
I. 

Itadioa,  its  discoverer,  found  it  to  be  a  compound  of  1  eq.  chlo*  Compoti- 
I  -f-  7  eq.  oxygen,  and  his  analysis  has  been  confirmed  by  Gay-  ^*o* 
nac  and  others. 

61.  When  concentrated  it  has  a  density  of  1.65  in  which  state  it 
Is  vapour  on  exposure  to  the  air,  absorbs  moisture,  and  boils  at 
\  It  hisses  when  thrown  into  water  like  a  red-hot  iron  when 
nched. 

02.  It  forms  a  salt  with  potassa,  requiring  65  times  its  weiffht 
water  at  60"^  for  solution.  The  perchlorate  of  potassa  is  dis- 
luiahed  from  the  chlorate  by  not  acquiring  a  yellow  tint  on  the 
ition  of  hydrochloric  acid. 

Quadrochloride  of  Nitrogen — Chloride  of  Niirogeiu 

Sp.  Gr,  IMZ. 

63.  Quadrochloride  of  nitrogen,  discovered  in  1811  by  Dulong,*  PropartiM. 
DO  of  the  most  explosive  compounds  yet  known,  having  been  the 
le  of  serious  accidents  both  to  its  discoverer  and  to  Davv.f  It 
I  not  congeal  in  the  intense  cold  produced  by  a  mixture  of  snow 
■alt.  It  may  be  distilled  at  160"^;  but  at  a  temperature  between 
and  212°  it  explodes.  Its  mere  contact  with  some  substances  of 
imbastible  nature  causes  detonation  even  at  common  temperatures. 
ia  result  ensues  particularly  with  oils,  both  volatile  and  fixed. 
I  products  of  the  explosion  are  chlorine  and  nitrogen. t 

M.  it  is  prtparei  by  invertinff  a  Jar  or  wide-noutbed  bottle,  (capable  of  coo-  pi^cn%, 

aibcNit  12  or  14  ounces)  full  of  chlorine,  over  a  dilute  solution  of  the  ha- 
lite of  ammonia,  (lat  ammoniac)  made  by  diaaolving  an  ounce  of  the  lalt  m 
ar  19  oaocaa  of  water ;  the  bottle  »  placed  on  a  Tery  atrong  shallow  leadea 
iWkish  reaU  ob  a  deep  plale  containinc  the  solution  previously  heated  to  the 
■MMHii)  of  90^.  One  portion  of  the  chlorine  takes  the  hydrogen  of  the  anrn&o-' 
I  Ibnuag  hydrochloric  acid,  and  the  other,  combining  with  the  nitrogen,  is 
vailid  into  the  quadrochloride,  which  collects  hi  the  form  of  an  oil  on  the 
hse  of  tlie  liquid,  and  drops  through  it  into  the  leaden  cup  :  an  additional 
ility  of  the  eolation  must  be  ready  le  ill  up  the  plate  as  the  absorption  of  the 
ma  proceeds. 

U5.  Great  care  must  be  taken  not  to  shake  the  bottle,  and  any  Caution. 

iasi.  de  OL  Ixzxri.  t  PhU.  Tram,  1813. 

(VkMsoo^a  Jbicr.  xjodv.  f  Ammoaia  ooosists  of  bTdiDgen  sad  nitrogen* 

26 
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ciiMp.in.  greasy  or  oily  matter  adheria^  to  it  must  be  remoTod  br  washing  it 
with  a  dilute  solatioD  of  potassa  before  it  is  filled  with  chloriiMi 
When  the  oil  has  fallen  into  the  leaden  cup,  the  bottle  is  carefully 
moved  from  the  cup  to  the  plate,  and  the  leaden  cup  taken  cautiously 
away. 

The  liquid  retnaining  above  the  quadrochloride  in  the  cup  is  with- 
drawn by  dipping  small  pieces  of  filtering  paper  into  it.  The  oily 
looking  globules  may  be  conveniently  removed  by  drawing  Pif.Hi 
them  into  a  small  and  perfectly  clean  glass  svringe,  made 
of  a  glass  tube  drawn  to  a  pointed  orifice,  and  having  a  cop* 
per  wire  with  a  piece  of  clean  tow  wrapped  round  it  for  a 
piston,  (Fig.  164) ;  in  this  way  a  globule  may  be  drawn 
into  the  tu^,  and  transferred  to  any  other  vessel. 
rrwftqtiflM  ^^*  ^^  making  these  experiments,  a  small  globule  of 
in  pxperi-  the  compound,  about  the  size  of  a  mustard-seed,  should  be 
AfoUng  cautiously  transferred  to  a  clean  porcelain  basin,  half  filled 
^  '  with  water.  The  basin  should  be  covered  with  a  wire  safe* 
guard.  A  very  small  piece  of  phosphorus,  fixed  to  the  end 
of  a  long  rod  with  the  extremity  dipped  in  oil,  may  be  then 
brought  into  contact  with  the  globule,  which  instantly  explodes,  dii* 
persing  the  water  and  breaking  the  basin.  The  same  compound  trnj 
be  obtained  by  suspending  a  fragment  of  sal  ammoniac  in  a  sohrtai 
of  hypochlorous  acid.  T. 
Amlyaifl,  ^^'  Dcivy  analyzed  this  compound  by  means  of  mercury^  wUek 
unites  with  chlorine,  and  liberates  the  nitrogen.  He  inferred  fnai 
his  analysis  thai  its  elements  are  united  in  the  proportion  of  km 
measures  of  chlorine  to  one  of  nitrogen ;  and  it  nence  foUows  dM. 
by  weight,  it  consists  of  four  equivalents  of  chlorine,  and  one  eqii- 
valent  of  nitrogen.  Its  odour  is  extremely  penetrating  and  almoil 
insupportable,  affecting  the  eyes  very  much  on  leaning  over  it  ewn 
for  a  second  or  two.    It  is  very  volatile. 

Perchloride  of  Carbon. 

i^mb.  Eqmn. 

SC+3dl,  or  C«Cl*.  1 18.6 

Dmortrr.  ^^  '^^^  discovery  of  this  compound  is  due  to  Faraday.  Wks 
olefiant  gas  (a  compound  of  carbon  and  hydrogen)  is  mixed  wit 
chlorine,  combination  takes  place  between  them,  and  an  oiMib 
liquid  is  generated,  which  consists  of  chlorine,  carbon  and  hydioM 
On  exposing  this  liquid  in  a  vessel  full  of  chlorine  gas  to  the  dmet 
solar  rays,  the  chlorine  acts  upon  and  decomposes  the  liquid*  hfht 
chloric  acid  is  set  free,  and  the  carbon,  at  the  moment  of  i 
unites  with  the  chlorine.'*^ 
p^^^2^  669.  Perchloride  of  carbon  is  solid  at  common  temperatai«^  »^  ^ 
^^^^  aromatic  odour  approaching  to  that  of  camphor,  is  a  non-coodsclff 
of  electricity,  and  refracts  light  very  powerfullv.  Its  specific  gisfiy 
is  exactly  double  that  of  water,  ft  fuses  at  320^,  and  after  liMMe 
it  is  colourless  and  very  transparent.     It  boils  at  360**. 

Perchloride  of  carbon  burns  with  a  red  light  when  held  is  At 
flame  of  a  spirit-lamp,  giving  out  acid  vapours  and  smoke. t 

*  Phil,  TVofu.  1821. 

fPntadOoride  nf  Carbon.   Svmb.  C+C1,  or  CCl.    Equta.  4144.   Piwigjj 
by  Fiinday  in  cUooiapoMng  perchloride  of  carbon.    It  is  liquid,  coIooiIms,  aid  m^ 


Jfaiun  of  CUarine.  t9B 

hlorine  was  long  regarded  as  a  compound  of  muriatic  acid    9*dL  X, 
3n,  an  opinion  ably  defended  by  Murray  ;  the  phenomena  Naturaof 
presents  arc  all  explicable  on  this  supposition,  though  the  chionot. 
K)sed  by  Davy,  Gay-Lussac  and  Thenard,  of  its  elementary 
considered  more  in  accordance  with  actual  experiment, 
generally  adopted.^ 

I  deositf  ii  1.&526.    Does  not  congeal  at  0®  F.    Analogoua  to  peieblorida 
ita  chemical  relations. 

iqf  Carbon.  Sym^.  2C+CI,  or  C^l.  £7.47.66.  ObUtned  dnrinff  the  dis- 
litrk  acid  from  crude  nitre  and  tolpbate  m  iron,  in  ioft,  adheaiTe  ibrat  of  a 

*  and  peculiur  odoar.  BoiU  between  360°,  ana  460°,  loblimes  at  260.  So- 
oil  of  turpentine  or  alcohol.    Bums  with  a  red  flame. 

;  of  Sidphur.  Siftnb.  2S+C1,  or  8*01.  DensilT  1.697.  Diseorered 
I.*  Pr^iwred  by  jnesin^  chlorine  oTer  flowers  of  Bulphur.  Liquid,  vola- 
N)°,  boils  at  280°.  Elmiu  acrid  fumes.  Consists  01  36.42  parts  or  t  eq. 
I  32.2  parts  or  2  eq.  sulphur, t 

tfe  <if  Phoaphonu.  Symb.  2P+6C1,  or  PSCI'  Equi9.  306.6.  There 
nite  compounds  of  chlorine  and  phosphorus,  the  nature  of  which  was  first 
r  explamed  by  Darj'.t  When  phosphorus  is  introduced  into  a  jar  of  dry 
nflames,  and  00  the  inside  of  tne  Tessel  a  white  matter  collects,  which  is 
\f  photphorua.  It  is  Tery  volatile,  a  temperature  much  below  212°  being 
convert  it  into  vapour.  Under  pressure  it  may  be  fused,  and  it  yields 
prismatic  crystals  in  cooling. 

Tkte  of  PhotphoTMM,  Symb.  2P+3C1,  or  PiCl**,  Equiv.  137.66.  may 
heating  the  perchloride  with  phosphorus,  or  by  passing  the  vapour  of  phos- 

*  corrosive  sublimate  contained  in  a  glass  tube.  It  is  a  clear  uquid 
if  sjMcific  frravity  1 .46  ;  emits  acid  fumes  when  exposed  to  the  air,  owing 
ipoaitton  of  watery  vapour ;  but  when  pare  it  does  not  redden  dry  litrona 
ppears  to  consist  of  31.4  pans  or  two  equivalents  of  phtisphorus,  and 
or  3  eq.  of  chlorine. 

)o>nic  Acid  Ga§.  Symb.  CO+Gl,  or  CO,Cl  Emiv.  49.64.  This  com- 
iseovered  in  1812  by  Dr  Davy,  whodescrilied  it  in  tne  PhUo*.  TVant.  under 
pho9gene gas.  ((>om  <)poig  light,  and  yBvvBiv  to  produce.)  It  is  made 
a  mixture  of  equal  measures  of  dry  chlorine  and  carlionic  oxide  ganes  to 
lea  rapid  but  silent  combination  ensues,  and  thev  contract  to  one  half  their 
flused  daylight  also  effects  their  union  slowly }  out  they  do  not  combine  at 
!  mixture  is  wholly  excluded  from  light. 

txMiic  acid  gas  is  colourless,  has  a  strong  odour,  and  reddens  dry  litmus 
oaaasses  the  characteristic  properly  of  aods.  It  is  decomposed  by  contact 
100  cubic  inches  weigh  106.763S  grains.  Its  specific  gravity  is  3-4427, 
Ms  of  33.42  paru  or  one  equivalent  of  chlorine,  and  14.12  parts  or  one 
f  carbonic  oxide. 

!^  q/'  Boron.  Symb  B+3C1,  or  BCls.  JS^utr.  1 17.16 ;  eq.vol.  =  200. 
tad  that  if  Itoron,  previously  heated,  aras  expMed  in  aglasts  tube  to  a  cor- 
blorine,  and  gently  heated  as  soon  ss  the  atmospheric  air  was  expelled,  a 
IS  was  obtained,  which  could  be  collected  over  mercury.  It  ma^  also  be 
'the  action  of  dry  chlorine  on  a  mixture  of  charcoal  and  boracic  acid  heated 
I  a  porcelain  tube.  It  is  absorl>ed  by  water.  Its  sp.  gr.  is  4.0806. 
It  0/  iXiieon,  Symb  8i+3Cl,  or  8iCl< ;  ffvtr.  I2R.76,  is  obtained  by 
«i  u  a  current  of  chlorine  gas.  It  is  a  limpid,  volatile  fluid,  boiling  at 
1  aolid  at  zero.     Its  odour  is  suffocating. 

»Uined  it  by  mixing  about  equal  parts  of  hydrated  silicic  add  and  starch 
with  oil.  heating  the  mass  in  a  covered  crucible  so  aa  to  char  the  starch, 
tha  mixture  in  fragments  into  a  porcelain  tube,  and  than  transmitting 
current  of  dry  chlonne  while  the  tube  is  kept  at  a  red  heat.  The  chlorine 
■lieoD,  and  the  charcoal  and  oxygen  combine.  The  volatile  chloride  is 
I  with  mercury  to  separate  the  free  chlorine,  and  purified  by  distillation. 
miM  Gii».  Whan  (used  chloride  of  sodium,  potassium,  ur  caldum. 
I  treated  with  as  much  strong  nitric  acid  aa  is  sufficient  to  wet  it,  mutual 
HI  ensues,  and  a  new  gas,  composed  of  chlorine  snd  binoxide  of  nitrosen, 
.  It  was  discovered  by  E.  Davy,  who  describes  it  as  of  a  pais  redaish 
r,of  an  odour  similar  to  that  of  cnlorine,  and  aa  having  bleaching  proper- 

lecount  of  the  changes  of  opinion  concerning  the  nature  of  chlorine,  see 

I  to  chemical  works  published  before  the  present  views  were  enteruioed, 
»*•  JUir.  vol.  tL  t  Boas— Pe#.wiiM.  zz1>  431.  I  EUmmiUt  p.  WO. 


196  iodine. 

chip.in. 

Sbctioh  XI.     Iodine, 

Symb,  Sp.  Gr.  Chem.  Bgiuiw, 

I.  8.7020  Air  =■  1  By  Vol.     100 

126.30    Hyd.=  1  "  WghL  196.8 

671.  Iodine  was  discovered  accidentally  by  Gourtoit,  a  manah^ 
^[^^^  turer  of  saltpetre  at  Paris,  in  1813.  In  the  process  for  proeariof 
soda  from  the  ashes  of  sea-weeds,  he  found  that  his  metallic  veaeb 
were  much  corroded,  and  in  searching  for  the  cause,  he  made  dw 
discovery  of  iodine.  Its  real  nature  was  soon  afler  determinad  hj 
Gay-Lussac  and  Davy,  each  of  whom  proved  that  it  is  a  simple  nan- 
metallic  substance,  exceedingly  analogous  to  chlorine.* 
Oeonra  in  672.  Iodine  is  frequently  met  with  in  nature  in  corobinatioa  witk 
B*ton.  potassium  or  sodium.  Vnder  this  form  it  occurs  in  many  salt  and 
other  mineral  springs,  both  in  Europe  and  America.T  Ithu 
been  detected  in  the  water  of  the  Mediterranean,  in  the  oyster  ail 
some  other  marine  molluscous  animals,  in  sponges,  and  in 
kinds  of  sea*weed.  In  some  of  these  productions,  such  as  the 
serratus  and  Fuctu  digitatus,  it  exists  ready  formed,  and  aocofdiaf 
to  Fyfet  may  be  separated  by  the  action  of  water ;  but  in  othtfs  it 
can  be  detected  only  after  incineration.  Marine  animals  and  pluli 
doubtless  derive  from  the  sea  the  iodine  which  they  contain.  Yafr 
quelin  found  it  also  in  the  mineral  kingdom,  in  combination  with 
silver.^ 
I^ociMfor  573.  Iodine  is  procured  from  the  impure  carbonate  of  soda,  aSki 
IfJ^^^  kelpjl  which  is  prepared  in  large  quantity  on  the  northern  shoras  ef 
Scotland,  by  incinerating  sea-weeds.  The  kelp  is  employed  by  aoi^ 
makers,  for  the  preparation  of  carbonate  of  soda ;  and  tne  dark  iwh 
dual  liauor,  remaining  after  that  salt  has  crystallized*  contains  a  ooo- 
siderable  quantity  of  iodine,  combined  with  sodium  or  potassiom. 
By  adding  a  sufficient  quantity  of  sulphuric  acid,  hydriodic  acid  ii 
first  generated,  and  then  decomposed. 

the  following  memoranda  will  enable  the  ttodent  to  tranalate  tho  kngnaft 
employed  into  the  present  nomenclatore. 

1.  Chlorine  is  an  ekmoit. 

2.  Moriatic  acid  gas  is  the  real 
contains  no  water,  j^m— ityig  of  cUf 
rine  36  +  hydrogen  1  as  ST. 

3.  Muriatic  aiicid  gas  adinir  oo  Qiid«  ■ 
decomposed,  iu  hydiogea  antii  ~^ 
the  oxygen  of  the  ojcide,  and  jn 
the  water  which  is  detachedTvliit  • 
compound  of  chlorine  and  tha  Mriii 
left.    Rud*»  Text  Book. 

*  The  originalpapers on  this  subject  are  in  the  Ann,  de  CHim.  toIs.  IxzsviiLv.H' 
id.,  and  in  the  PhUoi,  Traiu.  lor  18U  and  1815. 

t  On  iodine  in  the  waters  of  Saratoga,  see  Amer,  Jour,  xii,  213. 

t  Edin,  Philot.  Jour.  1. 3S4.  f  ln.de  OL  dde  Pk.  xziz. 

H  For  a  method  of  determining  the  proportions  of  indine  in  kelp,  Ac  set  Jhv.dr 
Chem.  Med.  Aag.  1838,  and  Land,  and  Edin.  Phil.  Mag.  ziii.  486. 

*  The  auntMii  giran  by  R«ld  are  reuined,  but  can  readily  be  mads  to  cecrupqaJ  wtt** 
moca  conect  nambui  of  TWoer.  .  . 


1.  Chlorine  is  a  compound  of  muriatic 
acid  28  +  Oxygen  8  s  36.* 

2.  Muriatic  add  gas  consists  of  28  real 
add  +  6  water  =»  37. 

3.  Muriatic  acid  gas^  acting  on  oxides, 
gives  out  its  eombmed  water,  the  real 
add  28  combiiuog  with  the  oxide. 
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limto*  powdM«d  kelp  with  cold  water.    Eti.  .  Fig.  I6i.  Beoi.  XL 

!•  the  huTium  till  a  pellicle  ibnns,  and  eet    /^S»,  m         ^ 

•  to  cryftallize.    Evaporate  the  mothar  litpor  Z-5-^S^  liloatiated, 
Toeia,  aDd  pour  upon  the  maai  half  ita  weight  ^^ 
iphurio  acid*    Apply  a  gentle  heat  to  thtf  mi» 
in  the  flaak  a  of  the  mUmbie  shown  in  Fi|{.  166, 
hicb  the  head  or  capital  b,  haa  a  tube  iMuing 
it,  and  deecending  into  the  receiver  e.    Fumea 
riolet  colour  ariae  and  condenae  in  the  ibrm  of 
aa  crvatab,  having  a  metallic  luatre,  wluch  are 

waahed  out  of  the  head  of  the  alembic  with  a  amall  quantity  of  water,  and 
Jy  dried  upon  bibulous  paper. 

I.  A  more  convenient  proceaa  b  to  employ  a  moderate  ezeeea  of  sulphuric  Another, 
and  then  add  to  the  mixture  some  peroxide  (^  mannneae,  which  acta  on 
odie  in  the  same  way  as  on  hydrochloric  acid  (wo).    Another  method, 
laed^by  Soabeirain,  is  Sy  adding  to  the  ley  from  kelp  a  solution  made  with 
ilphates  of  protoxides  of  copper  and  iron  in  the  ratio  of  1  of  the  former  to  SJ 

•  latter,  as  long  as  a  white  precipitate  appeara.  The  diniodide  of  copper  ia 
tliFown  down ;  and  it  may  be  decomposed  either  by  peroxide  of  man^^anese 
»  or  by  manganese  and  aulphuric  acia.  By  meana  or  the  former,  the  iodine 
a  over  quite  dry ;  but  a  strong  heat  b  requisite. 

k  As  the  liquid  directed  to  be  used  (673^  may  not  be  eaaily  procured,  the  me* 
iT preparing  iodine  ma^  be  shown,  by  mixing  a  little  pure  tiydriodic  acid  with 
MQOuoe  of  manganese  in  a  small  tube  or  glaaa  retort. 

IS.  Iodine  is  a  solid  at  the  ordinary  temperature  of  the  atmos- Properties, 
e.  It  is  of\en  in  scales  resembling  those  of  micaceous  iron  ore ; 
rtimes  in  large  and  brilliant  rhomboidal  plates,  the  primitiye 
of  which  is  a  rhombic  octohedron.  Its  colour  is  bluish  black  ; 
istr«  metallic  ;  it  is  soft  and  friable,  and  a  non-conductor  of  elec- 
y.  It  produces  a  yellow  stain  upon  the  skin.  Its  smell  resem- 
that  of  diluted  chlorine.  Its  taste  Is  acrid.  Its  sp.  gr.  according 
i^-Luasao  is  4.94S,  but  Thomson  found  it  only  3.0B44. 
line  is  fusible  at  22S*  F.  and,  under  the  ordinary  pressure 
io  atmosphere,  is  yolatilized  at  a  temperature  somewhere  near 
« 

7.  Its  vapour  is  very  dense,  its  sp.  gr.  being,  by  calculation  as  al-  Vapour  of. 
f  gJTen,  or,  as  directly  observed  by  Dumas,  ^716  ;  hence  100 
alincbet  weigh  269.8638 grains. 

le  Tobtilization  of  iodine  at  the  heat  of  boiling  watert  which  hap- 
when  it  is  distilled  with  that  fluid,  depends  on  its  affinity  for 
908  vapour. 

\m  colour  of  the  vapour  of  iodine  is  a  beautiful  violet,  and  hence 
ime,  (from  JuStis  viokuxus,) 


m  mn  be  exhibited  by  introducing  a  lew  acalea  of  iodine  into  a  glaas  ma^  Exp. 
■id  heating  it  over  a  few  coala. 

91  Like  chlorine  and  oxygen,  iodine  is  a  negative  electric.     It  Other  pro- 

m  veffetable  colours  yellow.    It  is  very  sparingly  soluble  in  ?•'**••• 

fi  tlttttliqnid  not  holding  more  than  Yj/bn  ^^  weight  in  solution ; 

oloor  of  the  solution  is  yellow.  It  is  much  more  soluble  in  spirit 

(DO  and  10  ether.    It  acts  energetically  on  the  animal  system  as 

ritant  poison,  but  is  employed  medicinally  in  very  small  doses 

advantage. 

B.  Iodine  manifests  a  strong  attraction  for  the  pure  metals  and 

e  most  of  the  simple  non- metallic  substances.    These  combina- 

kaa  water  ia  poured  upon  certain  bodiea  for  the  porpoee  of  extractiof  their  aaline 
wmUMf  the  paoeaaa  is  called  (mviaMdn,  and  the  aolution  obtained,  a  lutstiMi. 
dctaUa  ate  Un*a  Did.,  article  Iodine, 
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hdine  and  Hydragm. 


ActioD  of 
impooder 
ablet. 


ChtpiHi.  tions  are  termed  Iodides  or  lodureU.  It  is  not  inflammMe ;  but 
under  favourable  circumstances  may,  like  chlorine,  be  made  to  unili 
with  oxygen.  A  solution  of  the  pure  alkalies  acts  upon  it  giving  rise 
to  the  decomposition  of  water.  Whether  a  hypo-iodite  and  iodide 
are  first  produced,  as  in  the  case  of  chlorine,  has  not  yet  been  det0^ 
mined,  but  on  the  application  of  heat  an  iodate  and  iodida  an 
fonned.     t. 

680.  Pure  iodine  is  not  influenced  chemically  by  expoauie  to  the 
direct  solar  rays,  or  to  strong  shocks  of  electricity.  It  may  be  paaied 
through  red-hot  tubes,  or  over  intensely  ignited  charcoal,  without 
any  appearance  of  decomposition ;  nor  is  it  affected  by  the  agcnqf  ef 
galvanism.  Chemists,  indeed,  are  unable  to  resolve  it  into  dhm 
simple  parts,  and  consequently  it  is  regarded  as  an  elementary  priih 
ciple. 

631.  The  most  delicate  test  of  the  presence  of  iodine,  is  starch, 
and  if  added  to  any  liquid  containing  it,  with  a  few  drops  of  aulpho- 
ric  acid,  a  blue  compound  is  formed  which  is  insoluble  in  wiler* 
According  to  Stromeyer,  a  liquid  containing  but  rnr.Wv  ^  ^ 
weight  of  iodine,  receives  a  blue  tinge  from  a  solution  of  staick 
Two  precautions  should  be  observed  to  ensure  success.  In  the  fint 
place  the  iodine  must  be  in  a  free  state ;  for  it  is  the  iodine  itself 
only,  and  not  its  compounds,  which  unite  with  starch.  Secondly,  the 
solution  should  be  quite  cold  at  the  time  of  adding  the  starch  ;  fm 
boiling  water  decomposes  the  blue  compound,  and  consequently  re* 
moves  its  colour.* 

682.  By  expelling  the  iodine  from  fused  iodide  of  silver  by  a  ov* 
rent  of  chlorine  gas  and  thus  obtaining  a  chloride,  the  conipositioa 
of  which  was  known,  Berzelius  inferred  the  equivalent  of  the  i 
and  from  that  the  equivalent  of  iodine. 


Test  for 
iodine. 


Eqaivalent 


Hydriodic  Acid, 


H+I.orHI 


Sp.  Gt. 
4.3854  Air 
63.65      Hyd. 


Compoaition. 

lofL  Byd, 

126.3  1  eq.  +  i 


y. 
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Formed. 


Process. 


683.  When  a  mixture  of  hydrogen  and  the  vapour  of  iodine  ie 
transmitted  through  a  red  hot  porcelain  tube,  direct  combinatioa 
takes  place  and  hydriodic  <icid  gas  is  formed. 

This  gas  may  be  obtained  by  mizinf  one  part  of  phosphorus  with 
ten  of  iodine  moistened  with  water,  placing  it  previously,  in  a  veiy 
small  glass  retort  or  flask,  and  applying  a  gentle  heat  with  a  spirit 
lamp. 

In  a  short  time,  a  brisk  reaction  commencea,  a  slight  ezploaion  gmm^f 
taking  place  within  the  retort  from  the  heat  produced  inflamiDg  a  poftioa  « 
phosptiorus,  and  also  from  the  disengagement  of  a  little  phospbur«tt«d  hjA» 
gen.    Dense  vapours  are  at  the  same  time  disengaged,  and  the  bydiiodie  wM 

*To  render  this  test  more  sure  Balard  recommends  the  following;  After  niiisgAi 
liquid  conuining  the  iodine  with  the  starch  and  the  snlpboric  acid,  a  smaUquanfif 
aqueous  solution  of  chlorine  is  to  be  added  which  from  its  lightness  may  ha  m^Ml 
to  mix  with  the  mixture,  but  float  on  the  surface ;  at  the  place,  however,  whets  itif 
touch,  a  blue  zone  will  tie  developed  where  the  two  solutions  are  in  cootact,  b«t  if  lfe> 
whole  be  mixed,  it  will  entirely  disappear,  if  the  chlorine  be  in  exceaa— 4iiii,  dt  OH*- 
xxxviii.    See  Hayes  in  iimer.  Jour,  ixiiu  142. 
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n  awy  be  colltctad  by  diiplaeement;  (Fig.  15(11  aaer  thew  hutm  been  expel-  ge*  ZI. 
led,  a  few  drops  of  water  should  be  tntrodnciba JTroin  time  to  time,  by  a  small  « 
pipette,  as  phospfaart t  of  iodine  is  sublimed  into  toe  6ecl(  of  the  Yessel  when 
tbe  materials  are  dry,  and  no  ^  is  produced.  Phospnurette^  hydrogen  is  die- 
engaged  in  considenble  quantity  towards  the  end  of ^  the  operation ;  when  it 
begins  to  come  it  is  recognised  1^  the  acid  gae  with  which  it  is  mixed,  producing 
a  whiter  coloured  vapour  than  usual  with  the  air,  the  process  should  then  be 
•topped,  to  prevent  it  Trom  accumulating.  Fifty  or  an  hundred  grains  of  iodine, 
with  the  proper  quantity,  of  phosphorus^  will  be  found  quite  sufficient,  using  a 
letoit  capable  or  containin|;  about  5  or  6  ounces  of  water.  Constant  attention 
most  be  paid  to  this  operation  while  it  is  going  on.* 

684.  A  number  of  complicated  changes  take  place  during  the  Theory, 
reaction  of  the  different  substances  employed,  and  part  of  the  newly 
fonned  products.    The  hydriodic  acid  gas  is  produced  by  the  iodine 
combining  with  the  hydrogen  of  a  portion  of  water  which  is  decom- 
posed, the  oxygen  uniting  with  the  phosphorus. 

685.  100  measures  of  hydriodic  acid  gas  contain  precisely  half  Equivalent 
their  rolume  of  hydrogen.     Assuming  it  to  consist  of  equal  vol- ^^^  <^*i^' 
Qmes  of  hydrogen  gas  and  iodine  vapour  united  without  any  conden-  ^^' 
aation,  then,  since 

So  cubic  inches  of  the  vapour  of  iodine  weigh  134.9319  grains. 

50         do.  hydrogen  gas    ...       .  1.0663      ** 

100  cubic  inches  of  hydriodic  acid  gas  should  weigh      13G  0002 

These  numbers  are  obviously  in  the  ratio  of  1  to  126.3,  the  equi- 
valents of  iodine  and  hydrogen.  On  the  same  principles  the  density 
of  the  gas  should  be  4.38^,  which  is  probably  more  correct  than 
4.443,  a  number  found  experimentally  W  Gay-Lussac.t  Hence  100 
measures  of  hydriodic  acid  gas  contain  ^measures  of  hydrogen  gas 
and  SO  of  the  vapour  of  iodine. 

When  hydriodic  acid  gas  is  conducted  into  water  till  that  liquid  is 
fully  charged  with  it,  u  colourless  acid  solution  is  obtained,  which 
emits  white  fumes  on  exposure  to  the  air,  and  has  a  density  of 
1.7.     T. 

686.  Hydriodic  acid  gas  has  a  sour  taste,  reddens  vegetable  blue  Properties, 
colours,  produces  dense  white  fumes  with  atmospheric  air,  and  re- 
sembles hydrochloric  acid  in  its  odour.  It  combines  with  alkalies  and 

forma  salts  called  hydriodates.    It  is  rapidly  absorbed  by  water. 


a  tube  filled  with  the  gae,  having  closed  the  open  end  with  the  fin-  gxp. 
gar,  into  a  basin  of  water  and  remove  the  finger  under  the  water. 

687.  The  gas  is  decomposed  by  several  substances  which  have  a  Decompo- 
strong  affinity  for  either  of  its  elements.     Thus  oxygen  gas,  when  *^t 
heated  with  it  unites  with  its  hydrogen,  and  liberates  the  iodine. 
Chlorine  effects  tbe  decomposition  instantly. 

Filla  aaiall  jar  half  fhll  of  hydriodic  acid  gas  over  the  mercurial  trouch,  invert  g^p, 
it  whh  a  tray,  keeping  the  mouth  of  the  jar  upwards,  and  bring  cautiously  in  con- 
tiet  with  it  the  eitremity  of  a  narrow  tube,  or  the  beak  of  a  small  retort,  from 
whieh  chlorine  is  dowly  escaping ;  50  or  CO  grs.  of  peroxide  of  manganese  may 
hi  SBaloyed  with  a  proper  proportion  of  hydrochlonc  acid,  and  a  retort  capable 
if  holding  1  or  9  OS.  measures.  The  chlonne  combines  with  the  hydrocen  of  the 
^Tdroehlorie  acid,  and  purple  vapours  of  iodine  appear  which  will  condense.  If 
"^  ^  cUorim  be  brought  at  once  in  contact  with  toe  acid  gas,  an  explosion  takes 


•B«id,  EUm. 909.  t  An.  de  CA.  xci.  16. 

:T1m  chlorine  ibonld  be  altowed  to  come  for  some  time  before  it  is  applied  to  the 
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Iodine  and  Hydrogen. 


Dcoonpo* 
•ed. 


Tm. 


Ohtp.  m.       Place  a  unall  jar  filled  with  the  jsae  orer  mercury,  the  iodine  will  oombiae  mik 

r that  metel  and  the  hydrogen  be  left. 

by  mercary,     invert  a  j[ar  full  or  the  gas  with  an  earthen  diih,  and  pour  into  it  aooie  itR«| 

filming  nitnc  and  nitroui  acidi.  The  hydro^^n  of  the  hydriodie  acid  will  coa- 
aod  mlrooi  ^^^  ^i(|,  ^^^  oxygen  of  the  nitrouaacid  and  iodine  be  aet  free.  The  miztanal^ 
*^^*  ten  inflamea  even  when  no  more  than  two  or  three  cubic  inches  of  ths  fH  at 

ueed. 

lu  aolotion  ^^*  ^  solution  of  this  gas  in  water  is  much  employed  as  a  tei^ 
need  aa  a  and  may  be  made  by  decomposing  the  iodide  of  starch  suspended  ia 
*••*»  water,  by  a  stream  of  h3^ro8uIphur]c  acid.* 

689.  The  solution  of  hydriodie  acid  is  decomposed  by  mere  ezpo> 
sure  to  the  air,  oxygen  unites  to  its  hydrogen,  and  the  iodioe  is  sec 
free.  Nitric  and  sulphuric  acids  also  decompose  it ;  and  chlorins 
unites  to  its  hydrogen  to  form  hydrochloric  acid. 

690.  Bichloride  of  platinum  is  a  most  delicate  test  of  hydriodie 
acid.  Pour  a  few  drops  into  a  glass  containing  an  ounce  or  two  of 
water,  add  a  single  drop  of  a  solution  of  the  bichloride  of  platinoiiv 
the  liquid  will  become  of  a  reddish  brown  colour,  and  a  daric  pieci|ii- 
tate  subside. 

Its  efiect  upon  metallic  solutions  may  be  seen  as  follows :    Added 
to  solution  of  nitrate  of  silver,  it  afTords  a  yellow  precipitate* 
bichloride  of  mercury,  a  yellow  and  finally  a  red  precipitate ; 
acetate  of  lead,  a  yellow. 

Oxide  of  Iodine  and  lodous  Add. 

691.  When  the  yapour  of  iodine  and  oxygen  gas  are  heated,  t 
yellow  matter  of  the  consistence  of  solid  oil  is  generated,  which  has 
been  regarded  as  an  oxide  of  iodine.  If  the  supply  of  oxygen  is  conti- 
nued, it  is  converted  into  a  yellow  liquid  supposed  to  be  iodous  acid.t 


lodoua 
add. 


Iodic  acid. 


Iodic  Acid, 

Compoaitioo. 
^Jod,  Oxy, 

1S6.3  1  eq.  -f  40        6  eq.    s=     1664 

692.  This  acid  was  discovered  by  Gay^jussac  and  Davy^  It  ii 
obtained  by  bringing  iodine  into  contact  with  the  euchloriiw  of 
Davy ;  the  chlorine  unites  with  one  portion  of  iodine,  and  the  ozyfn 


1+50,  i'  or  I0« 


hydriodie  acid  g[aay  that  aHthe  air  may  foe  expelled.    Three  or  four  cubic  i. 
this  gas  are  quite  tofficient  for  this  experiment ;  the  operator  tboald  plaee  the 
from  which  the  chlorine  escapes  on  a  retort  stand  and  in  sQch  a  dtuatioD  ihaSt  mf 
cess  of  gas  may  be  carried  away  by  a  current  of  air. 

♦  Jour.  Sci.  N.  S.  No.  viii. 

Sixty  grams  of  iodine  are  dissotted  in  3  oonces  of  alcohol  (kept  Toid), 
of  starch  redaoed  to  a  Terv  fine  powder  diflfased  in  4  oances  of  wa- 
ter ',  ott  adding  this,  drop  ny  flrop,  to  the  first  solation,  and  stirring 
it  constantly  at  the  same  time,  iodide  of  starch  is  formed :  the  clear 
liquid  is  decanted  after  the  iodide  has  subsided.  A  little  water  ia 
then  poured  on  it  to  remove  any  alcohol  that  may  be  still  mixed  with 
it,  and  after  this  has  been  removed,  the  iodide  is  diffused  through  an 
ounce  of  water,  and  a  stream  of  hydrosulphurie  acid  gas  from  400  or 
600  grs.  of  the  sulphuret  of  iron  passed  through  it  till  it  beoomee 
white.  Filter  the  liquid  and  boil  for  a  abort  time  to  expel  any  ex- 
cesa  of  hydrosulphurie  acid.    The  iodide  of  starch  may  he  put  into 

a  precipitate  glass,  when  it  is  diffused  through  water,  and  the  hy*    

drosulphuric  add  prepared  in  a  houle  with  a  beat  tube  fitted  to  it.    (Fig. 

t  QtitfTf.  Jour.  qfSd.  N.  S.  L 


166.) 
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ther,  forming  two  coropoandt,  a  Tolatile  orange  coloured    atcuxi. 
hloride  of  iodine,  and  a  white  solid  substance  which  is  iodic 
'n  applying  heat,  the  former  passes  off  in  vapour,  and  the 
nains.* 

f  process  is  bj  boiling  iodine  in  pure  nitric  acid  of  dendtj  1 .5 ;  the  acid,  Procett. 
t  one  fifth  of  its  weight  of  iodine,  it  placed  in  a  tube  sealed  at  one  end, 
leh  wide  and  fifteen  inches  long.  The  boiling  should  be  continued  at 
re  hours.  As  the  iodine  rises  and  condenses  on  the  sides  of  the  tube,  it 
restored  to  the  liquid,  either  b^  a§ptation  or  by  help  of  a  i^lass  rod.  As 
e  iodine  disappear,  the  nitric  acid  is  dissipated  by  cautious  eTapora« 

[so  obtained  by  the  oxidizing  effect  of  hypochlorous  acid  on 

nd  by  several  other  processes. t 

t  is  a  white,  semitransparent  solid,  having  a  very  acid  as-  Propertiea. 

taste.     It  acts  powerfullv  on  inflammable  substances,  and 

to  combination  with  metallic  .oxides,  forming  iodates.    These 

ds,  like  the  chlorates,  yield  pure  oxygen  by  bent. 

t  forms  salts  with  the  alkalies  which  are  soluble  in  water. 

eadily  detected,  being  deoxidized  by  sulphurous,  phospbo- 

Iriodic  and  hydrosulphuric  acids,  iodine  being  set  at  liberty, 

ay  be  detected  by  starch. 

iv  hen  decomposed  by  heat  it  is  resolved  into  oxygen  gas  Decompo- 

iodine ;  and  it  was  therefore  termed  by  Davy  axyiodinet  ntioo. 
hiy-Lussac  acide  iodiquc  ankydreJi 

Teriodidt  of  Nitrogen. 

Composition. 

Fhrm,  Iodine.  NU,  Eqm», 

N43l,orNP  378.9    3  eq.  +  14.15     1  eq.     ^    893.06 

?rom  the  weak  affinity  that  exists  between  iodine  and  nitro- 
e  substances  cannot  be  made  to  unite  directly.  But  when 
put  into  a  solution  of  ammonia,  the  alkali  is  decomposed ; 
Dts  unite  with  different  portions  of  iodine,  and  thus  cause 
ition  of  hydriodic  acid  and  iodide  of  nitrogen. 
'  be  procured  by  pouring  a  solution  of  ammonia  upon  a  very  Process, 
intity  of  iodine.  Hydriodic  acid  is  one  product,  and  the 
rown  powder,  which  detonates  upon  the  slightest  touch,  and 
A  into  nitrogen  and  iodine.  It  may  be  collec*.ed  by  pouring 
|uid,  and  placing  it,  while  moist,  in  small  parcels  upon  bibu- 
$r,  where  it  must  be  suffered  to  dry  spontaneously. 

»llect  the  powder  on  two  or  more  separate  pieces  of  paper,  and  place  ^^- 
reral  inches  apart,  the  explosion  of  any  one  of  them  will,  sometimes,  ^' 
of  the  others. 

\m».  1816.  t  CoDDsU  in  JSdm.  Phil,  Jour,  1831, 72,  and  1832,  337. 

kh  see  Tamer,  232. 

\c  Add,  fhrm.  1+70,  I  or  10^,  is  analogous  ia  composition  to  per- 
il and  has  decided  acid  properties.    For  process  see  Turner  232. 
*  ^f  Iodine-     Chlorine  is  absorbed  at  oommoo    temperatures  by  dry  Chiori«!*«nii 
tvolation  of  heat,  and  a  solid  compound  of  iodine  ana  chlorine  results,  ^^ 
diaoofered  both  by  Dstv  and  Gay-Lussse.    The  colour  of  the  product  is 
aw  when  the  iodine  is  fully  saturated  with  chlorine,  but  is  of  a  reddish* 
idtne  is  in  excess.    Its  solution  is  colourless,  Tery  sour  to  the  taste,  and 

Kable  blue  colours,    but  afterwards  destroys  them.     From  iu  acid 
fy  gave  it  the  name  of  cfUoriodie  odd,    Sonberain  has  lately  distm- 
pond  of  3  eq.  of  chlorioe  and  i  of  iodine.* 
*  J9m,  df  Fkar.  Fsb.  1S37. 
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Bromiku. 


ohap^  III.       When  leR  exposed  it  gradually  evaporates.    It  often  ezplodss 

spontaneously.     When  it  detonates,  the  purple  fumes  of  iodine  aie 

perceptible. 

697.  Iodides  of  phosphorus.    Iodine  and  phosphoms  combine  oa 

being  brought  in  contact,  and  so  much  heat  is  evolved  that  pait  of 

the  phosphorus  is  inflamed  if  the  uir  be  not  excluded. 

£xp^  A  imall  piece  of  phoephomi  may  be  placed  in  a  wine  ^aaa  and  iodiiM  lei  M 

upon  it  from  a  card  or  broad  knife,  combuttiofi  enaaea  and  iodine  vnpoor 

Iodine  and  phosphorus  can  combine  in  various  proportions.* 


Section  XII.    Browine, 


Oiicorery. 


Process  for 

obtaiomg 

bronuae. 


Smb. 


By  Vol.      100 
*^  Wght. 


Sp,  Gr. 
54017  Air      =s  1 
78.40      Hyd.  =  I  «'^  Wght.    784 

698.  In  1S26  Balardt  of  Montpellier  discovered  in  sea  water  a 
new  substance  to  which  he  gave  the  name  muride  ;  bat  it  has  since 
been  changed  to  Bromine^  a  word  derived  from  the  Greek  fwt^ 
(gravedentia)  signifying  a  strong  or  rank  odour. 

699.  Bromine  exists  in  sea  water  in  the  form  of  bronaide  of 
sodium  or  magnesium.  It  may  apparently  be  regarded  as  an  ensin 
tial  ingredient  of  the  saline  matter  of  the  ocean.  It  has  also  ben 
found  in  the  waters  of  the  Dead  Sea,  and  in  a  variety  of  salt  springs. 
It  is  present,  however,  in  very  small  quantity  \t  and  even  toe  im- 
crystallizable  residue  called  bittern^  left  after  the  salt  has  been  sepa- 
rated from  sea  water  by  evaporation,  contains  but  little  of  M 
Daubeny  has  detected  it  in  several  mineral  waters,  and  Balaid  in 
marine  plants  on  the  shores  of  the  Mediterranean,  in  the  ashes  of 
sea  weeds,  and  of  some  animals,  as  the  lafUhina  vkiaoea. 

700.  It  is  obtained  by  passing  a  stream  of  chlorine  throagfa  the 
bittern,  and  exposing  it  afterwards  to  heat ;  the  bromine  distill  over 
and  may  be  collected  in  a  receiver.  A  few  ounces  of  concenimtel 
bittern  are  sufficient  to  show  this  process.     In  preparing  the  Uqnkl, 


PwtodfcteoT 


*  hdide  t{f  Sulphur  is  prepared  with  4  parts  of  iodine  and  1  of  anlphar 
gently. 

Feriodide  t^f  Carbon  is  formed  when  a  solution  of  pare  potassa  in 
mixed  with  an  ak»holic  solution  of  iodine^  a  portion  of  the  alcohol  is  dceomposidj  I 
hydrogen  and  cortioo  uniting  separately  with  iodine,  give  rise  to  periodide  ei  '  ^ 
and  hydriodic  add.    Br  distilling  a  mixture  of  the  preceding  with  oorroaiTt 
the  protiodide  is  formed. 

t  The  original  essay  of  Balard  was  published  in  the  Ann.  de  OUm.  H  d» 
Aug.  1826,  and  an  abstract  of  it  in  the  Edin.  Jour.  qfSd. 

t  One  hundred  pounds  of  sea  water  yield  but  3.278  grains  of  biomiiie.    (t"'^ 
Jour.  1827. 


f  I  hsTs  obtained  it  from  the  bittern  of  the  salt  works  in  the  ridnitj  of  Boslea  (WJL 
and  Hayes  has  found  it  in  the  waters  of  Saratoga.    Amer.  Jour.  xTiii.  MS. 

Hayes  recommends  the  following  as  a  method  of  detecting  the  preeeace  eii 
nUnuie  quantities  of  bromine  and  iodine.  Mix  a  tew  drops  of  para  vaicr  in  a 
glass,  with  a  drop  of  sulphuric  add,  and  half  a  folume  of  a  cold  fJolMioo  of  i 
pass  a  few  bulibles  of  chlorine  throogh  the  mixture,  which  is  then  left  at  rest,  titf  ni 
oiibsed  sUrch  may  unite  at  bottom.  A  glass  rod,  dipped  in  the  fluid  tmjfasd^ 
eontain  bromine,  is  then  applied  to  the  surface  of  the  fluid  in  the  glass;  ^t^ft 
odoured,  dense  stric  descend  from  the  rod,  and  rest  for  some  time  om  the  ^UKj* 

esent.    If  the  solution  contains  iodine  also,  the  appeawce  !•■* 


bromine  alone  is  present. ^^ 

same,  but  the  >tnm  are  deep  blue :  in  a  few  seconds  the  blue  diaappaars,  and  tt**ff 
noteriatie  ofanga  yellow  of  the  lolation  of  biomiiM  rsmaiiis.  Amet,  Jim.  mL  ^ 
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the  chlorine  matt  be  tranBrnitted  through  it  till  the  orange  colour   atctxii. 
which  it  acquires  ceases  to  become  deeper.     The  chlorine  which  is 
procured  from  290  or  300  grains  of  peroxide  of  manganese  will  be 
quite  sufficient  for  passing  through  five  or  six  ounces  of  bittern. 

701.  Bittern  consists  principally  of  sulphates  and  hydrochlorates  Theoiy. 
of  soda  and  magnesia,  with  a  small  quantity  of  the  hydrobromate  of 
maffnesia,  the  hydrobromic  acid  of  which  is  composed  of  hydrogen 
mnd  bromine.  The  chlorine  combines  with  the  hydrofl[en  and  disen- 
gages the  brominet  which  imparts  a  yellow  colour  to  the  liquid.  The 
mpour  of  the  bromine  has  a  deep  reddish  brown  colour  and  con- 
denses into  a  yery  dark  coloured  liquid. 

There  are  other  processes.  A  current  of  chlorine  may  be  trans-  OUyr 
mitted  through  the  bittern,  and  it  may  then  be  shaken  with  sulphuric  l*"'^outt. 
ether,  which  will  dissolve  the  bromme,  and  acquire  a  hyacinth  red 
tint.  When  the  ethereal  solution  is  agitated  with  caustic  potassa, 
its  colour  entirely  disappears,  owing  to  the  formation  of  bromide  of 
potassium  and  bromate  of  potassa,  the  former  of  which  is  obtained  in 
CMbic  crystals  by  evaporation.  The  bromine  may  be  set  free  by 
meant  of  chlorine,  or  still  better  by  sulphuric  acid  and  peroxide  of 
manganese  in  a  glass  retort  dipping  into  cold  water. 

7(^.  Bromine  is  liquid  at  common  temperatures  with  a  deep  hya-  Proptrtitt, 
ciD thine  red  colour.     It  volatilizes  readily  and  its  vapour  is  highly 
coloured,  having  a  density  of  5.54,^  100  cubic  inches  at  60"  should 
weigh  167.5158  grs.     Its  sp.  gr.  is  about  3.     At  116.5°  it  boils,  and  Specific 
it  froaeD  and  brittle  at  — 4  .    It  communicates  a  yellow  stain  to  the  fnnty. 
akin  and  acts  powerfully  upon  organic  bodies.     It  is  highly  fatal 
10  animal  life ;  a  bird  is  killed  by  a  single  drop  placed  on  its  beak. 
Bromine  has  not  been  decomposed  ;  it  is  an  imperfect  conductor  of 
electricity,  and  a  negative  electric.     It  is  soluble  in  water,  alcohol  and 
ether,  ana  has  the  property  of  bleaching. 

703.  The  vapour  of  bromine  extinguishes  a  lighted  taper,  which, 
«K  first,  burns  with  a  flame  green  at  its  base,  and  red  at  its  upper  Action  on 
part     Some  inflammables  take   fire  by  contact  with   it.     Thus  ooaibusti- 
antimony   and   tin    burn   in   it,  and   the    combustion   of   potassi-      ' 
am  is  attended  with  intense  heat  and  a  vivid  flash,  and  the  vessel  in  A?^°^^' 
wkich  the  experiment  is  made  is  o(\en  broken.     Its  affinity  for  metal- 
lie  oxides  it  feeble. 


704.  Bromine  is  analogous  to  chlorine  and  iodine  in  its  chemical  Analogwis 
lehtiona,  and  suflers  the  tame  kind  of  change  as  those  bodies  simi-  ^hloriM 
Ivly  treated.     Its  presence  is  in  general  easily  detected  by  chlorine 

and  the  colour  of  its  vapour,  or  of  its  tolution  in  ether. 

Hydrobromic  Acid- 

Composition. 

Flmn,  Sp.  Or.  Brom.  Hyd.      Bquiw.    Eq.  Voi. 

H+Br.,arHBr.       S.73S3  Air     =?  I        78.4 -f-  1    »    7M  900 

89.70     Hyd.   =1 

705.  This  acid  it  formed  when  a  lighted  candle  or  piece  of  red-hot  wim 
iion  it  introduced  into  a  mixture  of  the  vapour  of  bromine  and  hy-  formtd. 
drogen  gas ;  and  by  the  action  of  bromine  on  some  of  the  gaseous 

ipoands  ef  hydrogen. 

«  Miiacherlicb. 


204  Bromine  and  O^ggen. 

Chap.  in.       It  ibay  be  conveniently  made  for  experimental  purpoaea  br  a  proceaa  amUar  to 
^r~  that  for  forminc  hydriodic  acid.    A  mixture  of  bromine  ana  pboMpborua  aligbdf 

i^toe^u,      moiatened,  vieldB,  oy  the  aid  of  gentle  heat^  a  large  quantity  of  pure  bydrobramc 
acid  gaa,  wnicb  ahould  be  collected  either  in  dry  glaaa  botUea,  or  over  merciny* 

Propertiei.      706.  It  is  a  pungent,  colourless,  acid  gas,  undergoing  no  decompo" 
sition  when  transmitted  through  a  red-hot  tube,  either  alone  or  mixed 
with  oxygen,  but  is  decomposed  instantly  by  chlorine.     It  may  b 
preserved  without  change  over  mercury ;  but  potassium  and  tin  d^ 
compose  it  with  facility. 
Solution.        707.  It  is  very  soluble  in  water,  and  the  solution  may  be  made  hr 
treating  bromine  with  hydrosulphuric  acid  dissolved  in  water,  or  tUB 
better  by  transmitting  a  current  of  hydrobromic  acid  gas  into  pm 
water.     The  liquid  becomes  hot  during  the  condensation.     This  add 
solution  is  colourless  when  pure,  but  possesses  the  property  of  dis- 
solving a  large  quantity  of  bromine,  and  then  receives  the  tint  of  thit 
substance. 
AcdoQ  of        Chlorine  decomposes  the  solution  of  hydrobromic  acid.     Nitric  aeil 
chbrioe.     ^.^j  ^p^^  j^  jggg  suddenly,  disengaging  bromine.    Nitro-hydrobrooic 
acid  is  analogous  to  aqiia  regia,  and  possesses  the  property  of  dit* 
solving  gold. 
Weight  708.  Hydrobromic  is  analogous  to  bydriodic  and  hydrochloric  add 

a^aqmra-  gases,  in  containing  equal  measures  of  bromine  vapour  and  hydio- 
gen  gas  united  without  any  change  of  volume  ;  and  since 

Gn, 
50  cubic  inchea  of  bromine  vapour  weigh  83.7579 

50        do.  hydrogen  gaa  ....  1.0683 

100       do.  hydrobromic  acid  muat  weigh  .  84^8968 

These  numbers  are  in  the  ratio  of  1  to  78.4,  which  is  the  composi- 
tion of  the  gas  by  weight.  T.  The  salts  of  hydrobromic  acid  ait 
termed  hydrobromates, 

Bramic  Acid. 

Compoaition. 
Symb.  Brom.        Oxy.  ESqiam, 

Br-fSO,  Br,  or  BrO^.  78.4    1  eq.  +  40    6  eq.   =     118.4 

Bromic  709.  Bromic  Acid  is  formed  by  the  action  of  bromine  on  potasHt 

Acid.  when  a  change  exactly  similar  to  that  produced  by  chlorine  (page 669 

ensues,  whereby  bromide  of  potassium  and  bromate  of  potasta  an 

generated  ;  ancl  the  latter,  being  much  less  soluble  than  the  fonafli 
•    is  readily  separated  by  evaporation.     The  bromate  of  the  other  alkr 

lies  and  alkaline  earths  may  be  prepared  in  a  similar  manner. 
^^^  710.  Bromic  acid  may  be  procured  by  decomposing  a  dilute  sot 

^'  tion  of  bromate  of  baryta  with  sulphuric  acid,  so  as  to  precipitate  ibt 

whole  of  the  baryta.  The  solution  of  bromic  acid  may  be  concentnli' 

by  slow  evaporation  until  it  acquires  the  consistence  of  syrup, 
pioptrtiea       Bromic  acid  has  scarcely  any  odour,  but  its  taste  is  very  ^ 
oL  though  not  at  all  corrosive.     It  reddens  litmus  paper  powerfaily  it 

first,  and  soon  after  destroys  its  colour.     It  is  similar  in  constiialiiB 

to  iodic,  chloric  and  nitric  acids.* 

*  Chloride  qf  Broin»n«.»Thts  compound  may  be  formed  at  eomrooa 
torta  by  tianamitting  a  currant  of  chlorine  through  bromine,  and  rwuianaing  tha 
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Beet,  am. 

Section  XIII.     Fluorine. 

Symb*  F.        £71119.  18.63  Eq,  Vol,  100 

711.  The  mineral  known  as  Derbyshire  spar  from  the  place  where  pioorina 
it  occurs  in  great  abundance,  was  considered  to  be  a  compound  of  a 
peculiar  acid  and  lime,  and  the  former  was  called  fluoric  acid.  It  was 
suggested  by  Ampere  that  this  mineral  is  a  compound  of  fluorine 

and  calcium,  and  tbis  was  supported  experimentally  by  Davy.  The 
supposed  base  of  the  acid  was  named  fluorine,  but  was  not  obtained 
in  an  insulated  form  until  recently,  and  its  properties  are  but  imper- 
fectly  known. 

712.  Fluorine  was  first  procured  by  Baudrimont  by  passing  fluo-  How  ob- 
ride  of  boron  over  minium  (red  oxide  of  lead),  heated  to  redness,  taiMd. 
and  receiving  the  gas  in  a  dry  vessel.     As  it  is  mixed  with  much 
oxygen,  his  present  method  is,  to  treat  a  mixture  of  fluoride  of  cal- 
cium and  peroxide  of  manganese  with  strong  sulphuric  acid.     This 
process,  however,  does  not  aflbrd  it  pure,  hydrofluoric  and  fluosilicic 

acid  gases  being  at  the  same  time  evolved.  The  presence  of  the 
ktter  does  not  prevent  the  observation  of  some  of  the  properties  of 
fluorine. 

713.  It  appears  to  be  a  gaseous  body,  resembling  chlorine  and  Propertin. 
burnt  sugar  in  odour,  and  possessed  of  bleaching  properties.     It  does 

not  act  on  elass.  It  is  a  negative  electric,  and  nas  a  powerful  affi- 
nity for  hydrogen  and  metallic  substances. 

Hydrofluoric  Acid, 

Composition. 

Form.  Sp.  Gr.        F7u.  Hyd,  Equiv. 

H+F,  or  HP.        1.0609        18.68  1  eq.  -f-  1        1  eq.    =     19.68 

714.  Hydrofluoric  acid  was  first  obtained  pure  by  Gay-Lussac  HjrdroflQo 
and  Thenard  in  1810.  "c  tcid, 

715.  It  is  prepared  by  acting  on  Jluor  spar  (fluoride  of  calcium)^  Proeewfor. 
by  sulphuric  acid. 

The  ipv,  carefully  soparated  from  tiliceout  earth  and  reduced  to  fine  powder, 
H  pot  into  a  leaden  or  silver  retort  with  twice  ita  weight  of  sulphuric  acid ; 
dba  matariala  are  mixed  together  with  an  iron  rod,  and  on  applying  a  moderate 
by  a  cfctaffer,  the  hydrofluoric  acid  ia  disengaged  :  a  receiver  of  the  same 
1  miMt  b«  used  to  condense  it.  An  arrangement  like  that  on  the  following 
will  be  found  convenient.* 


est 


vapoBTi  by  means  of  a  freexiog  mixture.    The  resulting  chloride  is  a  volatile 
of  •  reddish  yellow  colour. 
Bnmddt  q/  /otfine.— These  substances  act  readily  on  each  other,  and  appear  capa-  BnMikk  ^ 
ble  e(  eaiting  in  two  proportions.  >«<um,  a«. 

Broarirft  ^  Sulphur.— On  pouring  bromine  on  sublimed  ^  sulphur,  combination  en- 
••cs,  end  a  fluid  of  an  oilv  appearance  aad  reddish  tiot  is  generated.  Bromide  of 
talpher  is  decomposed  hy  cnlorine,  which  unites  with  sulphur  and  displaces  bromioe. 
Bnmiidita  q/*  rhogphoiraM. — When  bromine  and  phosphorus  are  brought  into  contact 
■•  a  iMk  filled  with  rarhonic  acid  gas,  they  act  suddenly  on  each  other  with  cTolution 
«f  beet  aad  light,  and  two  compounds  are  generated.  The  protobromide  retains  its 
lid  lenn  even  at  68^  F. 

Made  tj'  Carhan  is  formed  by  the  action  of  bromine  on  half  its  weight  of  per- 
^OMc  of  eMDOo,  when  bromide  of  carbon  and  a  subbromide  of  iodine  are  formed,  the 
■Vier  of  wbirh  is  removed  by  a  solution  of  caustic  potassa.  At  common  temperatures  it 
^  bfiid,  batcrystaliiies  at  32<*  F.  Its  taste  is  sweet,  and  it  has  a  penetrating  ethe- 
*tilodoer. 


*  h  k  eompoaed  of  a  deep  leaden  cup,  (Fig.  187,)  with  a  rim  of  lead  soldered  round  AMarauu  \ 
^  lepb  a  aoMli  tpaea  being  left  between  it  and  the  upper  pert  of  the  cup  for  ftzing  ^tSm.  Mid. 
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cii>p.nL       716.  As  the  materials  swell  up  considerably  during  the  proce«, 
Theory,      the  retort  should  be  capacious.     At  the  close  of  the  operation,  poie 
hydrofluoric  acid  is  found  in  the  receiver,  and  the  retort  contains  dij 
sulphate  of  lime.     The  chemical  changes  are  the  same  as  in  the 
formation  of  hydrochloric  acid  gas  (629),  fluorine  being  sabstiuitid 
for  chlorine,  and  calcium  for  sodium.     If  the  sulphuric  acid  is  of 
sufficient  strength,  all  its  water  is  decomposed,  and  the  resulti^i 
hydrofluoric  acid  is  anhydrous. 
Properties.      717.  This  acid  at  32r  is  a  colourless  liquid,  and  remains  sach  H 
59°  if  preserved  in  well  stopped  bottles,*"  but  when  exposed  to  tk 
air,  it  flies  ofl"  in  dense  white  fumes.     It  has  a  very  pungent  smeOi 
and  is  extremely  destructive  ;  if  applied  to  the  skin  it  instantly  kilb 
the  part,  producing  extreme  pain  and  extensive  ulceration.    Tbt 
operator  should  carefully  avoid  the  fumes,  and  the  apparatus  or  ve^ 
sels  containing  the  acid,  should  be  so  placed  that  tney  may  be  car- 
ried from  him. 
Action  on       It  acts  powerfully  on  glass,  destroying  its  transparency*  in  conie- 
K^^***         quence  of  attacking  its  silica  and  forming  with  it  a  compound  knows 
aaJluosUicic  acid  gas,  hence  it  cannot  be  kept  in  glass  vessels  anlsM 
protected  by  wax. 
Usee.  718.  From  its  affinity  for  silica,  it  is  employed  for  etching  oh 

glass,  and  for  this  purpose  should  be  diluted  with  three  or  four  psili 
of  water.  The  glass  should  be  covered  with  a  varnish,  prepared  hj 
melting  together  bees-wax  and  turpentine,  and  surrounded  at  tM 
edge  by  a  rim  of  the  same.  The  varnish  is  then  to  be  removed 
wherever  it  is  desired  to  have  the  acid  act  upon  the  glass,  as  in  the 
process  for  etching  on  copper. 

Exp.  On  a  Rmall  scale  the  experiment  may  be  made  by  placing  a  nDafl  qaaatitf  cf 

the  powdered  fluor  spar  in  a  platinum,  silver,  or  leaden  cup  or  cnieiUe.  ■npport* 
ed  over  a  lamp ;  covering  the  vessel  with  a  piece  of  glass,  coated  by  nibbing  OfW 
it,  previously  warmed,  a  piece  of  wax,  lines  being  traced  throitth  the  eoalisf  • 
as  to  expose  the  glass.  Or  the  cup  may  be  held  over  the  firet  uil  the  vrngmm  kt 
gins  to  escape,  the  glass  is  then  applied  and  the  whole  covered  with  m  woodMV 
pasteboard  box.t 

Acid  pro-        719.  Hydrofluoric  acid  has  all  the  characters  of  a  powerful  acil 


erties. 


in  the  head  of  the  apparatus  when  the  materials  Fig.  167. 

have  been  put  in.  The  easiest  method  of  proceed- 
ing is  to  fill  this  iDterveninff  apace  witn  moist 
plaster-of«parisp  and  pat  in  the  cover  when  it  be- 

gios  to  set,  takmg  care  to  have  the  lube  and  the 
nttle  receiver,  which  are  used  alooff  with  it, 
properly  adjusted  at  the  same  time,  that  it  may 
not  be  necessary  to  shift  it  afterwards.  The  re- 
ceiver isplaceci  in  a  jar  or  basin,  and  surrounded 
by  ice.  The  heat  should  be  cautiously  applied ; 
io  as  Dot  to  melt  the  leadeo  cup ;  the  student 
should  examine  it  occasionally  with  an  iron  rod, 
and  withdraw  the  chauflfor  if  it  begins  to  soften 
or  yield  more  than  usual  to  the  iron.  The  body 
of  the  retort  may  be  rather  more  than  two  inches 
in  diameter,  and  between  seven  and  eight  inches 
long ;  it  is  supported  by  an  iron  ring  resting  on  three  rods  of  iroa.  and  boond  u^^ 
at  bottom  by  a  plate  of  sheet  iron,  on  which  the  cbaufler  is  placed.  Two  w(f^ 
ounces  of  fluor  spar  may  be  used  in  it  at  a  time,  or  even  more  if  reqniicd.  A  BOica* 
pensive  apparatus  is  described  in  Amer.  JoW'  vol.  vi.  366. 

*  Which  should  be  lined  with  wax.  t  With  tongs,  not  by  the  band. 

t  A  little  sand  poured  round  the  box  where  it  rtata  oq  a  taUc  will  |mf  i  Ai  ^ 
poon  from  aoaopng  the  operator. 
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It  has  a  strong,  sour  taste,  reddens  litmus  paper,  and  neutralizes  al-  8tet.xm. 
kalies,  either  forming  salts  termed  hydroftuates,  or  most  generally 
giTing  rise  to  metallic  fluorides.     All  these  compounds  are  decom- 
posed by  strong  sulphuric  acid  with  the  aid  of  heat,  and  the  hydro- 
fluoric acid  while  escaping  may  be  detected  by  its  action  on  glass. 

720i  Hydrofluoric  acid  acts  violently  on  some  of  the  metals,  espe-  Action  cm 
cially  on  the  bases  of  the  alkalies.  It  is  a  solrent  for  some  elemen-  °^  *'  ^' 
tary  principles  which  resist  the  action  even  of  nitro-hydrochloric  acid, 
with  evolution  of  hydrogen  gas  ;  and  when  mixed  with  nitric  acid,  it 
proves  a  solvent  for  silicon  which  has  been  condensed  by  heat,  and 
m  titanium.  Nitro-hydrofluoric  acid,  however,  is  incapable  of  dis- 
aolviDg  gold  and  platinum. 

Fluoboric  Acid. 

Compositioa. 

F\trm,  /7u.  Bor,  Equiv. 

B^^P,  or  BF*.  66.04     3  eq.    -h    10.9     I  eq.    =3    66.94 

721.  This  gas  was  procured  by  Gay-Lussac  and  Thenard  from  a 
misture  of  vitrified  boracic  acid  and  flu  or  spar,  exposed  to  heat  in  a 
leaden  retort.    It  was  procured  by  Dr  Davy  by  mixing  intimately  one  Procett. 
put  of fu$ed  boracic  acid  with  twice  its  weight  of  fluor  spar,  both  in 

fine  powder,  and  twelve  parts  of  sulphuric  acid  in  a  glass  flask,* 
heating  the  mixture  by  a  lamp.  Half  an  ounce  or  an  ounce  and  a 
half  of  the  fused  boracic  acid,  with  the  corresponding  quantity  of 
•per  and  acid  aflbrds  a  considerable  quantity  of  the  compound. 
Strong  sulphuric  acid  should  be  employed.  The  gas  thus  ob- 
taiDed  contains  a  considerable  quantity  of  fluosilicic  acid. 

722.  In  the  decomposition  of  fluor  spar  by  vitrified  boracic  acid,  Theory, 
the  former  and  part  of  the  latter  undergo  an  interchange  of  elements. 

The  fluorine  uniting  with  boron  gives  rise  to  fluoboric  acid  gas  ;  and 
by  the  onion  of  calcium  and  oxygen,  lime  is  generated,  which  com- 
bines with  boracic  acid,  and  is  left  in  the  retort  as  borate  of  lime. 

733.  Fluoboric  acid  gas  is  colourless,  has  a  penetrating  pungent  PrupertiM. 
odour,  and  extinguishes  flame  on  the  instant.  It  reddens  litmus 
paper  as  powerfully  as  sulphuric  acid,  and  forms  salts  with  alkalies 
which  are  called  ftuoborates.  It  has  a  singularly  great  affinity  for 
vater.  When  mixed  with  air  or  any  gas  which  contains  watery  va- 
pour, a  dense  white  cloud,  a  combination  of  water  and  fluoboric  acid, 
•ppeara,  thus  affording  an  extremely  delicate  test  of  the  presence  of 
moisture  in  gases.  Water  acts  powerfully  on  this  gas,  absorbing 
700  timet  its  volume,  increasing  in  temperature  and  volume.  The 
solotioD  is  limpid,  fuming,  and  very  caustic. 

Fluoboric  acid  gas  does  not  act  on  glass,  but  attacks  animal  and 
Vegetable  matters  with  energy,  converting  them,  like  sulphuric  acid, 
into  a  carbonaceous  subsUince. 

*  PhU,  TVom.  1812. 
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Hydrogen  and  M^itrogen. 


Chap.  III. 


Fhiosilieie  Acid. 


Procured. 


Theory. 


Properties. 


Singnlmr 

mppear- 

ftnoe. 


Bipd9. 
7BM 


Composition. 

Fhrm,  Sp.  Or.  F%u.  SI. 

Si+dP,  or  Sips.  3.6111  66.04     8  eq.  ^29.6     1  eq.      a 

724.  Is  prepared  by  mixing  one  part  of  pounded  glass  with  ao 
equal  weight  of  fluor  spar  and  two  parts  of  sulphuric  acid.  On  ap- 
plying a  gentle  heat  fluosilicic  acid  gas  is  disengaged  with  eflerfe^ 
cence,  and  may  be  collected  over  mercury. 

725.  The  chemical  changes  are  difierently  explained.  Regmrdiiy 
fluor  spar  as  a  compound  of  fluoric  acid  and  lime,  the  former  k 
thought  to  unite  with  silicic  acid.  If  fluor  spar  is  regarded  as  a  eooh 
pound  of  fluorine  and  calcium,  it  is  inferred  that,  by  the  actioa  of 
sulphuric  acid  on  fluoride  of  calcium,  hydrofluoric  acid  is  geneiated, 
and  that  the  elements  of  this  acid  react  on  those  of  silicic  acid,  aal 
give  rise  to  water  and  fluosilicic  acid  gas  :  the  gas  is  therefore  a  flu- 
oride of  silicon. 

726.  It  is  a  colourless  gas,  extinguishing  flame,  powerfully  irritn- 
ing,  and  does  not  corrode  dry  glass.  Mixed  with  atmospheric  air  it 
forms  a  white  cloud,  with  its  watery  vapour.     T.  244. 

727.  A  singular  appearance  is  presented  when  the  beak  of  a  ra- 
tort,  from  which  this  gas  is  escaping,  dips  into  water.  Each  ghbab 
of  the  gas,  as  it  comes  in  contact  with  the  water,  assumes  the  sp* 
pearance  of  a  vesicle,  a  coating  of  silica  being  deposited  on  ins 
external  surface  of  the  globule.  Small  tubes  appear  also  at  tht 
beak  of  the  retort,  which  is  eventually  plugged  up,  so  that  it  is  as* 
cessary  at  last  to  remove  the  retort  altogether  till  they  are  tafaa 
away. 
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OF     SIMPLE    NON-METALLIC     ACIDIFIABLE    COII* 
BUSTIBLE8    WITH    EACH    OTHER. 
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Section  XIV.     Hydrogen  and  Nitrogen — Ammoniaeat  Gm. 

Compositioo. 
Sjrmb.  ^.Gr.  Hyd.  A7f.  CKm.fi|dbL 

N-f3H,  or  NH3    0.6897  Air   =1  3.2050  3  eq.+l5.0326  14.16  1  eq.    By  WthLlMl 

8.76     Hyd.=l  •^vJTil 

728.  This  gas  was  first  noticed  by  Priestley,  under  the  nana  tf 
alkaline  air  ;  it  is  also  known  as  the  volatile alkali,hui  more  osutlf 
by  the  name  ammoniacal  gas  or  ammonia. 

729.  Ammoniacal  gas  is  obtained  from  any  salt  of 
ammonia,  by  the  action  of  a  pure  alkali  or  alkaline 
earth :  but  hydrochlorate  of  ammonia  and  lime  are 
generally  employed. 

Equal  parts  of  dry  slaked  lime,  each  separately  powdered, 
are  put  into  a  small  gloss  retort  or  gas  bottle,  and  upon  the  ap- 
plication of  gentle  heat  the  ammoniacal  gas  is  evofv^ed,  and  is 
to  be  received  over  mercury. 

Persons  not  having  a  mercurial  apparatus  may  receive  this 
cas  in  a  glass  jar  inverted  over  a  tube  oent  as  in  Fig.  168.  As 
the  gas  is  evoU  ed  from  the  materials  contained  in  the  gas-bottle, 
it  rises  into  the  jar  and  displaces  the  atmospheric  air.  When 
the  jar  is  filled  with  ammonia  (which  will  be  known  by  its 
pungent  odiMir  as  it  eacapes  from  the  neck  of  the  jar)  the  tube 
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ms)^  be  carefullj  withdnwo,  tnd  a  well  ground  itopper  be  ineerted  into  thaneck  Ski.  XIT. 
of  the  jir.  — — ^ 

The  gas  may  also  be  obtained  by  heating  common  liquid  ammo- 
nia (aqua  ammonis)  in  the  same  apparatus. 

730.  Ammonia  is  colourless,  has  a  strong  pungent  odour,  and  acts  KropeniM. 
powerfully  on  the  eyes  and  nose.  It  is  quite  irrespirable  in  its  pure 
form,  but  when  diluted  with  air,  it  may  be  taken  into  the  lungs  with 
safety.  Burning  bodies  are  extinguished  by  it,  nor  is  the  eas  in- 
flamed by  their  approach.  Ammonia,  however,  is  inflammable  in  a 
low  degree ;  for  when  a  lighted  candle  is  immersed  in  it,  the  flame 
is  somewhat  enlarged,  and  tinged  of  a  pale  yellow  colour  at  the  mo- 
ment of  being  extinguished  ;  and  a  small  jet  of  the  gas  will  burn  in 
an  atmosphere  of  oxygen.  A  mixture  of  ammoniacai  and  oxygen 
gases  detonates  by  the  electric  3park ;  water  being  formed,  and  ni- 
trogen set  free. 

731.  When  an  electric  current  is  passed  through  a  weak  solution  Action  of 
of  ammonia,  it  is  decomposed  by  the  secondary  action,  hydrogen  «^*o*"*'*y« 
firoin  decomposed  water  being  evolved  at  the  negative  electrode,  and 
nitrogen  at  the  positive.^     tiut  if  a  portion  qf  mercury  form  the  ne- 
gative electrode,  no  hydrogen  is  evolved,  and  the  mercury  is  rapidly 
coDTerted  into  a  light  porous  substance,  which  has  the  lustre  and  all 

the  characters  of  an  amalgam.  As  soon  as  it  is  removed  from  the 
influence  of  the  electric  current,  rapid  decomposition  ensues,  mercury 
is  reproduced,  and  hydrogen  and  ammoniacai  gases  are  evolved  in 
the  ratio  of  one  measure  of  the  former  to  two  of  the  latter,  according 
to  the  observations  of  Gay-Lussac  and  Thenard.  The  production  of 
this  compound  is  explained  by  fierzelius  on  the  supposition  that  am- 
monia, by  uniting  with  an  additional  eq.  of  hydrogen,  forms  a  com* 
pound,  which  has  all  the  properties  of  a  metal ;  he,  therefore,  calls 
it  ammonium.  The  oxide  of  ammonium,  the  composition  of  which  Ammooi- 
is  represented  by  the  formula  NH*-f-0,  he  considers  to  be  the  base  ""' 
of  the  ammoniacai  salts,     t.  246. 

732.  Ammonjjpil  gas  at  the  temperature  of  50^  and  under  a 
sressure  equal  to  6.5  atmospheres,  becomes  a  transparent  colourless 
iiqaid. 

Ammonia  has  all  the  properties  of  an  alkali  in  a  very  marked  Alkaline. 
manoer.     Thus  it  has  an  acrid  taste,  and  gives  a  brown  stain  to  tur- 
■leric  paper;  though  the  yellow  colour  soon  reappears  on  exposure 
to  the  air,  owing  to  the  volatility  of  the  alkali.     It  combines  also  with 
acids,  and  neutralizes  their  properties  completely. 

lu  iflbiily  fur  wator  may  be  »hown  hj  filling  a  lone  tube  with  the  ms,  and  Afintty  fbr 
opening  it  under  water ;  the  ammonia  will  be  abeorbed  with  great  rapidity,  and  water, 
vomptdely  if  the  gaa  if  pure.    According  to  Thomson  water  takes  up  780  times  Exp. 
■ta  bulk. 

lis  alkaline  character  may  be  shown  by  using,  instead  of  pure  water,  water  Exp. 
coloured  blue  by  litmus  or  cabbaso,  or  yellow  by  turmeric. 

A  picoc  of  ice  passed  up  the  tuk>e  standing  oyer  mercury,  is  rapidly  liquefied  £xp. 
«i»d  ine  gaa  abaorbed.t 

733.  None  of  the  ammoniacai  salts  can  sustain  a  red  heat  without  Eficctof 
^ing  dissipated  in  vapour  or  decomposed,  a  character  which  arises  ^^^' 

^r^nday,  Fha,  TVotw.  1834. 

t  A  ffsiel  of  water  or  mercury  should  be  at  hand  to  supply  the  toss  in  the  dish  in 
^kith  the  tube  is  placed  and  prevent  the  entrance  of  air. 
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I  Hydrogva  and  Jfitrogen. 

p-m.  from  the  Tolatile  nalore  of  the  oikali.  If  combined  with  a  ToWiilt 
■cid,  such  as  the  hydrochloric,  the  compound  itself  sublLowi  hd- 
chan^d  by  heat, 
"po-  734.  Hydrogen  and  nitrogen  gases  do  not  unite  directly,  hot  the 
"•  oompositioR  of  ammoniacal  gas  has  been  delermined  by  SDalyni 
with  electricity,  and  by  passing  it  through  red-faot  label.  If  paavrt 
oyer  a  coil  of  iron  or  copper  wire  in  a  red'hot  porcelain  tube,  the 
metals  become  brittle,  but  their  weight  is  not  altered.  The  ejpo- 
sion  which  the  gas  Buffers  in  being  thus  resolred  into  its  coaatibKBt^ 
is  a  singular  instance  of  change  of  properties  in  consequenea  oT  che- 
mical combination.  The  bladder  a,  (Fig.  169,)  is  filled  wiih  mmmo- 
oia,  which  may  bo  fii.  iw. 
passed  through  the 
tube  b,  in  the  furnace 
e,  the  hydrogen  and 
nitrogen  may  be  col- 
lected in  d.  

•  of       735.  Ammonia  is  decomposed  by  chlorina,  hydrochloric  acid  is 
''*'     formed  by  the  union  of  the  chlorine  with  its  hydrogen,  and  if  an  a- 

cess  of  the  gas  is  present,  hydrocblorate  of  ammonia  is  obtained. 
oBcu      When  the  two  gases  are  suddenly  mixed  they  act  upon  eaeh  othst 
^■■V-    so  powerfully  as  sometimes  to  produce  detonation. 

>  malrui  with  ■  conical  nick  and  wide  month,  oTsr  another    "s^  f^ 


with  a  taper  neck  coDtaiDing  amiilura  ofaal  ammaniac  and  line, 
edbr  a  lamp.  Aaaoon  aa  the  upper  Taaiel  aeemi  to  tie  fill]  of  amimnw, 
bj  ibe  overnow  of  the  pungent  gaa,  it  ii  to  be  cautioualj'  lifted  up,  and 
iBMrted,  in  a  perpendicular  direction,  into  a  wide  mouthed  glaai  decan- 
ter, or  flaik,  rilled  with  chlorine.  On  aeiilns  Ibe  leisel*  tllili  joinad, 
with  the  two  bandi,  covired  wilb  gloTsi,  andauddenl^  inverting  them 
like  a  und  glau,  the  beavj  chlorine  and  light  ammoDiB,  nuhiog  in  op> 
potile  direction!,  unite,  with  the  evolution  of  fluoe. 

736.  Ammonia  is  readily  recognised  by  its  odour,  and  by 
I  the  while  fumes  which  are  given  off  when  a  rod  dipped  in 
r  hydrochloric  acid  is  brought  in  contact  with  it.        * 

This  will  be  evident  if  we  moisten  the  inside  of 'a  glass  jai  will 
hydrochloric  acid,  and  pass  into  it  a  small  quantity  of  ammnaii' 
dense  clouds  of  hydrochlorate  of  ammonia  wilF  immediately  fbni. 

737.  The  usual  state  in  which  ammonia  is  employed  is  in  isla- 
■  tion,  both  in  chemistry  and  medicine.    This  solution  beara  thoistis 

of  Aqua  Ammonia  in  the  Pharmacopaia.     It  may  be  obtainadbr 

SBssing  the  gas  into  water  in  a  proper  apparatus,  (rig.  171,)  tr  9 
istilling  over  the  water  Pi|.  i7i. 

and  gas  together. 

The  following  process, 
recommended  by  Phil- 
lips, answers  well. 

On  9  ouneca  of  wall  burn- 
ed lime  pour  half  a  pint  of 
water,  and  when  it  t>ai  ro- 
naincd  in  a  well  clowd  Tea- 
sel fbr  abuut  an  hour,  add  13 
OUDCea  of  hjdrochloi 

'-' '- ■* no  ini„  ,. ... n , ^ 

I  clearpoction,  and  distil  liom  a  rttort  20  flsidiH'* 
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TIm  ip.  gr.  of  thii  aolutioD,  whieb  it  lufficjeiitlj  ftiong  for  moit  purpoMt,  k  SteUXV. 

738.  Liquid  ammonia  should  bo  preserved  io  well-stopped  glass  Hovjm- 
bottles,  since  it  loses  ammonia  and  absorbs  carbonic  acid,  when  ex-  '*^^' 
poaed  to  air ;  when  heated  to  about  140°,  ammonia  is  rapidly  given 
off  by  it.  When  concentrated  it  requires  to  be  cooled  to  **40   ^fore 
it  congeals,  and  then  it  is  apparently  inodoroua.t 


Section  XV.     Compounds  of  Hydrogen  and  Carbon. 

739.  Two  compounds  of  hydrogen  and  carbon  have  long  been  <^Mn- 
known,  and  late  researches  have  brought  to  light  others  of  much  in*  ^romo 
lerest     They  are  remarkable  for  their  number ;  for  supplying  some  and  carbon, 
instructive  instances  of  isomerism ;  for  their  tendency  to  unite  with 

and  even  neutralize  powerful  acids,  without,  in  their  uncombined 
aute,  manifesting  any  ordinary  signs  of  alkalinity. 

740.  Several  of  them  are  particularly  distinguished  by  their  che-  Diitin- 
mical  affinities ;  for  although  compound,  they  exhibit  in  their  com*  Sln^!if«^ 
binations  with  other  substances,  the  characteristics  of  an  element. 

They  have  hence  been  called  compound  radicals.  In  organic  che* 
mistry  they  hold  a  place  as  the  roots  or  radicals  of  the  various 
orgmnic  products,  and  in  inorganic  chemistry  as  compounds  formed 
by  the  direct  union  of  two  elements.^    T. 

Ugkt  Carburetted  Hydrogen. 

Compotition. 

fhrwu  S^  Gr.  Hifd>         Carb.        Equiv.       Eg.  Vol, 

UaC  0.6593  Air     si  9     +     613    =    8.12  100 

8.12     Hyd.  =  1 

741.  This  gas  is  sometimes  called  heavy  inJlammaUe  air,  the  tn- 
JUimmaJHU  air  of  marshes,  and  hydrocarburet.  It  is  generally  termed 
light  carburetted  hydrogen. 

It  oiay  be  collected,  mixed  however  with  carbonic  acid  and  nitro-  Collected. 
gen  gates,  by  stirring  the  bottom  of  almost  any  stagnant  pool   of 
water,  especially  if  formed  of  clay.     It  should  be  washed,  when  col* 
lected,  with  lime  water  or  liquid  potassa,  to  remove  the  carbonic 


^  Or  two  parts  of  lime  and  three  of  sal  ammoniac  may  be  mix- 
•J,  aftar  the  former  has  been  slaked  with  a  half  of  its  weight  of 
watifv  aad  allowed  to  cool ;  they  should  both  be  in  fine  powder, 
and  utimaiely  blended,  taking  care  to  aToid  the  pungent  fumes 
that  are  disengaged.  The  mixture  is  then  pot  into  an  iron  retort 
•ad  placed  in  a  sand  hath.  (Pig.  172.)  The  lieak  of  the  retort  is 
^"^      hrted  to  a  quilled  globe,  making  the  joining  tight  with  plas- 


Asocktr  pn- 


terof-paris :  water,  equal  in  weight  to  }  of  the  salt  used,  is 
put  iaia  a  bottle  or  receiTer.  The  tube  from  the  jglohe  should 
wmaA  la  Iha  bottom  of  the  bottle,  which  should  not  be  more  than 
Inlf  fell,  when  the  proper  quantity  of  water  has  been  put  in. 
The  oat  of  the  glass  globe  is  to  allow  air  to  pass  into  the  retort         _ 

■a  tba  apaaratas  becomes  cold,  and  preTcnt  any  of  the  water  of   ^"^ ^ 

lamoaia  urom  being  carried  along  with  it  *,  for  when  the  gas  ceases  to  come  and  all 
tke  Kqoid  in  the  bottle  has  been  forced  into  the  glohe  bv  the  pressure  of  the  atmoa- 
phcie,  air  will  enter  by  the  quill  tube  and  pass  through  the  water  to  the  retort. 

t  For  a  table  of  the  quantity  of  ammonia  in  solutions,  see  Davy's  Elements. 

I,  which  from  their  atomic  constitution,  or  from  being  the  products  of  the 
kiafdon,  bekmg  to  that  department,  will  be  deacribed  under  that  difiaioo. 
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Hydrogen  and  Carbon. 


Pfopertiei. 


Chap.  Ill,  acid,  of    which   it  contains  ^.      This  is    the    only   convenieDt 
method  of  obtaining  it. 

742.  Light  carburetted  hydrogen  is  nearly  inodorous,  and  witboat 
colour  or  taste.  Water  absorbs  about  ^  of  its  volume.  It  does 
not  support  combustion  or  life,  but  is  highly  inflammable^  burning 
with  a  yellowish  flame. 

743.  Mixed  with  atmospheric  air  it  may  be  kindled  by  a  lighted 
taper,  and  explodes  with  violence,  provided  it  forms  not  less  thu 
-^2  of  the  mixture,  and  does  not  exceed  ^.  With  oxygen  gat 
the  detonation  is  louder  and  more  violent ;  but  it  is  necessary  thai 
oxygen  should  rather  exceed  the  inflammable  gas  in  volume,  and  yet 
should  not  be  more  than  2^  times  its  bulk.  For  its  perfect  combot- 
tion  more  than  twice  its  volume  of  oxygen  gas  is  required,  of  which 
exactly  two  volumes  are  consumed,  and  carbonic  acid  is  prodocedi 
equivalent  in  volume  to  the  inflammable  gas. 

744.  One  hundred  measures  of  carbonic  acid  gas,  contain  100  of 
carbon  vapour  and  100  of  oxygen,  just  half  the  oxygba  employed; 
the  remaining  oxygen  requires  200  measures  of  hydrogea  to  fom 
water. 


Detonation 
with  air 
and  oxygen 


Compoai* 

tionand 

•p.gf. 


Hence  at  60"  F.  and  30  inches  harom. — 

100  cubic  inches  of  carbon  vapour  weigh 
SOO    >«  '«        hydrogen  gas  . 


13.0714  gr*. 
4.2734    « 


Action  of 
chlorine. 


100    ''  '«        light  carb.  hyd.  must  weigh     17.3448    ** 

being  in  the  ratio  of  2  to  6.12  and  the  sp.  gr.  ought  to  be  OUS998 
which  agrees  nearly  with  experiment.     T. 

745.  Chlorine  and  carburetted  hydrogen  do  not  act  on  each  other 
at  common  temperatures,  when  quite  dry,  even  if  they  are  exposed 
to  the  direct  solar  rays.  .  If  the  gases  are  moist,  and  the  mixture  ii 
kept  in  a  dark  place,  still  no  action  ensues  ;  but  if  light  be  admitted 
decomposition  follows.  The  nature  of  the  products  depends  on  the 
proportion  of  the  gases.  If  4  measures  of  chlorine  and  1  of  carbu- 
retted hydrogen  are  present,  carbonic  and  hydrochl6ric  acid  gases 
will  be  prod^'r:ed.  When  three  measures  of  chlorine  are  preseni 
carbonic  oxids  is  formed,  one  half  less  water  being  decom- 
posed.    H. 

746.  The  gaseous  matter  that  often  issues  in  large  quantity  froB 
coal  mines,  between  beds  of  coal,  and  collects  in  the  mines  mixed  with  the  at* 

mospheric  air,  forms  an  explosive  mixture  that  has  been  the  cause  of 

many  fatal  accidents ;  the  first  unprotected  light  that  approaches  lett 

fire  to  the  whole  mixture.     The  frequent  loss  of  life  from  the  expb> 

Fire  damp,  si  on  of  this  Jire  damp,  led  Davy  to  the  construction  of  the  ssfeCf 

lamp.* 
Davy's  ex-  747.  In  the  course  of  his  experiments  Davy  found  that  the  exflt* 
perimenu.  sive  power  varies  with  the  proportions  of  carburetted  hydrogen  sod 
air  :  thus  with  three  or  four  times  its  volume  of  air  there  is  noei* 
plosion,  with  seven  or  eight  times  its  bulk  of  air  the  ezplosioB  ■ 
powerful ;  with  fourteen  times  its  volume  it  is  still  ezplosivei  bM 
with  a  larger  quantity  a  taper  burns  in   the  mixture   only  ^A 


Present  in 


*  For  a  foil  acoonnt  of  the  elaborate  experiments,  &e.  on  this  sohject,  the  i 
referred  to  Davy's  Euay  on  FUtmet  and  the  biographies  of  him  by  ftris 
Davy. 


fr    I- 


OkfimU  CUu. 
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enlarged  flame.     He  also  ascertained  that  the  temperature  re-    aicuxv. 

red  for  explosion  was  very  high ;  and  that  flame  cannot  pass 

!>ugh  a  narrow  tuhe,  or  a  tissue  of  wire-gauze. 

'48.  Flame  is  gaseous  matter  heated  so  intensely  as  to  he  luminous,  pi^m^, 

lenit  comes  in  contact  with  the  sides  of  minute  apertures,  as  when 

e-gauze  is  held  upon  a  burning  jet  of  coal  gas,  or  the  flame  of  a 

rit  lamp,  it  is  deprived  of  so  much  heat  that  its  temperature  in- 

itly  falls  below  the  degree  at  which  gaseous  matter  is  luminous, 

agh  the  gas  itself  passes  freely  through  the  interstices  and   is 

I  very  hot. 

'bit  will  be  ie«n  on  bringinc  a  IFig.  173.  Eip. 

m  of  wire-gauze  down  upon  Uie  i 

le ;  at  at  A,  (Fig.  173,)  the  gaa     -^^^.^  ^yi(|(| 

I  be  found  to  pami  through  and     ^«r>*^     .^AMi^ia^     .rrz/,-^         Jimm 
r  be  ignited  above  the  gauze  as 


B 


r49.  If  the  flame  of  a  com- 
Q  lamp  be  everywhere  pro-  '^■ 

ly  surrounded  with  a  wire- 
ixe,  and  in  that  state  immersed  into  an  explosive  gaseous  mixture, 
fill  be  inadequate  to  its  inflammation,  that  part  only  being  burned 
ich  is  toiihin  the  cage,  communication  to  the  inflammable  air 
*Aout  being  prevented  by  the  cooling  power  of  the  metallic  tissue ; 
that  by  such  a  lamp  the  explosive  mixture  will  be  consumcdi 
;  not  exploded. 

Ig.  174  if  a  repreaontation  of  the  safety  lamp,    a  is  a  cylinder  of 

•-0uae,  with  a  double  ton,  securely  and  careAilly  fastened,  by 

Min^  over  to  the  brass  rim  o,  which  screws  on  the  lamp  e.    The 

ol#  IS  protected  and  rendered  convenient  for  carrying,  by  the 

■•  and  ring  d.  If  the  cvlinder  be  of  twilled  wire-gauze,  the  wire 

«ld  be  At  least  of  the  thickness  of  one  fortieth  of  ah  inch,  and  of 

Flgi  175.        i^^^i  oi*  copper,  and  30  in  the  warp,  and  16  or  lb  in 

^  v-^        the  weft.    If  of  plain  wire-gauze,  the  wire  should 

*^    ^    ^        not  bo  less  than  one  sixtieth  of  an  inch  in  thick- 

X  ness,  and  from  28  to  30  both  warp  and  woof* 

B  The.  operation  of  this  lamp  may  be  shown  on 

n  a  small  scale,  by  suspending  it  in  an  inverted  glass 

CJ  jar,  and  then  admitting  a  sufficient  stream  of  coal 

gas  from  a  gas-holder  by  a  tube  enterinff  below,  (Fig.  175,)  to 
render  the  enclosed  stmosphere  explosive.  The  flame  of 
the  lamp  first  cnlaraes,  and  is  then  extinguished,  the  whole  of 
the  cage  being  filled  with  a  lambent  blue  light  ;t  on  turning  off 
tlie  supply  of  the  aas  this  sppearance  gradually  ceases,  and  the 
wick  becomes  rekindled,  when  the  atmosphere  returns  to  its 


Theory  of 
the  saiety 
lamp, 


Illustrated. 


■falattte.t 


^wns.      ^ 


OUfiant  GoM. 

Sp.  Gr.  Hyd,         Carh. 

2     +     12.24 


2  eq. 


Eqmt.    Eq.Vol. 
=  14.24       100 


l+tC,«rHJ>.        0  9^dAir    si 
^  14.24     Hyd.  =  1 

7AL  This  gas  was  discovered  in  1796,  by  some  associated  Dutch  Olefiant 
emitU,  and  was  termed  by  them  olefiant  gcu,  from  its  property  of  ^'' 


^  Tb  iDCUMe  the  safety  of  the  lamp  when  exposed  to  a  strong  current  of  an  explo- 
•  atmoapbere,  the  addition  of  a  glam  cylinder  and  allowing  the  air  to  enter  only 
Wigli  ue  apertures  beluw,  has  lately  lieen  resoHed  to  with  success. 

^TIm  platinum  coil  within  will  coetinue  red-hot.  (257). 

sTha  azplosioD  may  be  safely  exhibited,  prefiousiy,  by  suspending  the  lamp  wiih- 
;  tka  vifi-faaje  cyhnder  from  a  pieoa  oi^pasteboara  covering  the  jar,aDd  admitting 
il  ar  oil  IM.    W« 
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Hydrogen  and  Sulphur. 


How  ob- 
tained. 

Procets. 


Otop.  ni.  forming  an  oily  looking  liquid  with  chlorine.    It  has  been  called  by 

Thomson  hydroguret  of  carbon, 

751.  It  is  usually  obtained  by  the  decomposition  of  alcohol  kj 

sulphuric  acid. 

For  tbit  purpoBO  four  parts  of  the  acid  and  one  of  alcohol  are  pot  iBto  a  e^- 
eiotii  retort,  and  beatea  by  a  lamp.  The  acid  soon  acta  upon  the  alooM, 
efTerveicence  ensues  and  ofofiant  gas  paases  over.  The  retort  should  not  bt 
more  than  one  third  Aill,  and  the  acia  and  alcohol  should  be  ihaken  togedwi 
before  the  heat  is  applied. 

A  little  ether  is  formed  at  first,  the  solution  becomes  dark,  sulpliii* 
rous  acid  and  carbonic  oxide  are  formed,  and  carbon  deposited.* 

762.  This  gas  is  colourless  and  inodorous.  Water  absorbs  aboat 
^  of  its  volume.  It  extinguishes  flame,  and  does  not  support  lifie. 
It  is  inflammable,  burning  with  a  bright  yellowish  white  flame. 
When  mingled  with  oxygen  gas,  it  explodes  with  great  Tioleoce. 
One  part  by  volume  requires,  for  perfect  combustion,  three  of  oxygen; 
and  two  of  carbonic  acid  are  produced.  100  cubic  Inches  wogh 
30.4162  by  calculation,  and  its  sp.  gr.  is  as  stated. t 

Oleiiant  gas  is  decomposed  by  electricity,  and  by  Iransmisnoi 
through  red-hot  tubes. 

753.  When  this  gas  is  mixed  with  chlorine,  in  the  propoition  of  1 
to  2  by  vol.  the  mixture,  on  inflammation,  produces  hydrochloric  acUi 
and  charcoal  is  abundantly  deposited. 
If  the  gases  be  well  mixed,  and  then  inflamed  in  a  tall  and  narrow  (ha  ji^ 


Properties. 


Decompo-J 
sed. 

Action  of 
chlorioe. 


Exp. 


(about  two  foet  high  and  four  inches  in  diameter),  placed  with  its  meolb  »> 
wards,  the  experiment  is  very  striking;  a  deep  flame  gradually  deacendi  thfsip 
the  mixture,  and  a  dense  black  cloud  of  carbon  rises  into  the  itaiQsplien ; 
of  hydrochloric  acid  are  at  the  same  time  formed,  and  a  peculiar 
is  evolved. 


hence  the  namo,o/^iU  gat,    B.  1.  321. 


Section    XVI.     Compounds  of  Hydrogen  and  Sntpkitr. 
Hydrostdpkuric  Acid — Sulphuretted  Hydrogen. 


Composition. 

Hyd,  Sul. 

I      4-      l€.l 


17.1  lOO 


Hydrosul* 

phuric 

acid. 


Processes. 


Fhrm.       Sp.  Gr, 
HS  1.1782  Air     ss  I 

17.10      Hyd.  s  1 

754.  This  gaseous  compound  of  sulphur  and  hydrogen  wasfin^ 
investigated  by  Scheele  in  1777.  It  may  be  obtained  by  preaeatiBf 
sulphur  to  nascent  hydrogen,  which  is  the  case  when  protosulphaiet 
of  iron  is  acted  upon  by  dilute  sulphuric  acid.  4f 

The  Rulphuret  of  iron  may  be  prepared  by  heating  a  bar  of  iroi  to  a  *ki^ 
weldins  heat,  and,  in  this  state,  rubbing  it  with  a  roll  of  sulphur.  The  Biaj 
and  sulphur  unite,  and  form  a  liquid  compound,  which  falls  down  in  A^* 
These  soon  congeal )  and  the  comjMund  must  be  preserved  in  a  well  tJoesdiftj- 
Or  a  mixture  of  two  parts  of  iron  nlings  and  rather  more  than  one  pert  efsm^i 
may  be  heated  to  redness  in  a  covered  cruciblo.§     A  portion  of  thitaiyM* 


*  The  changes  are  complicated ;  for  the  theory,  see  Alcohol. 

t  lu  density  by  experiment  is  0.97.   (Thomson.) 

t  They  should  be  received  in  an  imn  basin  filled  with  water. 

f  The  gas  which  this  affords  is  mixed  with  a  good  deal  of  hydiegen 
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trodoced  into  a  retort  or  ^  bottle  and  diluted  nilphario  acid  poured  upon  it,  as  gMt.  XVI. 


contained  in  a  retort  or  gaa  bottle,  and  heated  by  a  lamp. 

755.  In  the  first  process  the  sulphuret  and  water  interchange  ele-  Theories, 
ments,  h ydrosulphuric  acid  and  protoxide  of  iron  are  generated ;  the 

Utter  unites  with  sulphuric  acid  and  the  former  escapes. 
Id  the  process  with  antimony  the  elements  concerned  are — 

1  eq.  sesquisulphuret  and  3  oq.  hydrochloric  add 
Mb+3S  3(H-K;1) 

which  yield 

3  eq.  hydrosulphuric  acid  and  i  eq.  serauichloride  of  antimony 
3(H+S)  2Sb+3Cl 

756.  The  gas  may  be  collected  over  water,  though,  by  agitation.  Absorbed 
that  fluid  absorbs  nearly  thrice  its  bulk  ;  it  should  be  received  into  ^^  '^^^' 
bottles  provided  with  glass  stoppers,  and  after  filling  them  entirely 

with  the  gas,  the  stopper  should  be  introduced. 

757.  Faraday  obtained  it  in  a  liauid  form  by  producing  it  under  Liqoefac- 
pressure.     It  was  colourless,  limpid,  and  with  a  refractive  power  ^io"  of 'ol- 
greater  than  that  of  water.     The  pressure  of  its  vapour  was  nearly  UjI^JI^. 
equal  to  17  atmospheres  at  the  temperature  of  50^  F.     Its  specific 
gravity  appeared  to  be  0.9. 

756.   when  in  the  form  of  gas,  the  smell  is  extremely  offensive,  Properties. 
reaembling  that  of  putrefying  eggs,  or  of  the  washings  of  a  gun< 
barrel*  to  which  inoeed  it  imparts  their  offensive  odour.    It  exists  in 
some  mineral  waters. 

759.  It  appears  to  be  one  of  the  most  unrespirable  of  all  the  gases,  Uorespira- 
for  a  small  oird  died  immediately  in  air  containing  ,  ^Vtj  of  its  vo«  ^^^' 
lame  of  hydrosulphuric  acid  gas ;  a  dog  perished  in  air  mingled  with 

Y^,  and  a  horse  in  air  containing  ^Ijt'* 

760.  It  tarnishes  silver,  mercury,  and  other  polished  metals,  and  Actioo  on 
instantly  blackens  white  paint  and  solution  of  acetate  of  lead.     By  metals. 
direct  experiments,  Henry  has  found  that  one  measure  of  this  gas, 
mixed  with  20.000  measures  of  hydrogen,  or  of  carburetted  hydro- 
gen»  or  common  air,  produces  a  sensible  discoloration  of  white  lead, 

or  of  oxide  of  bismuth,  mixed  with  water,  and  spread  upon  a  piece  of 
card. 

761.  It  is  inflammable,  burning  with  a  pale  blue  flame,  but  does  loflanuna* 
not  support  the  combustion  of  other  bodies.     Water  and  sulphurous  ble. 
mcxd  are  the  products  of  its  combustion,  and  sulphur  is  deposited. 

702.  Hydrosulphuric  acid  contains  its  own  vol.  of  hydrogen  gas,  Composi- 
Qod  16.M  of  the  vapour  of  sulphur ;  and  since  *^* 

16.66  cub.  inches  of  the  vapoar  of  sulphur  weif  h  .    34.4012  grs. 

100    X        •*        hydrogen  gas  ^  2.1967 

100    •«        *«         hydrosulphuric  acid  gas  must  weigh     .    36.5379    T. 

763.  The  salts  of  hydrosulphuric  acid  are  called  hydrosulphates  or  Salu  of. 
Afidrotulpkurets,    They  are  aecom posed  by  sulphuric  or  hydrochlo- 
ric acids.  This  acid  rarely  unites  directly  with  metallic  oxides ;  but  in 
most  cases  its  hydrogen  combines  with  the  oxygen  of  the  oxide,  and 
its  sulphur  with  the  metal. 

^Thcnaid,  iii.  601. 
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Hydrogen  and  Sulphur. 


Q»p»in-      764.  Hydrosulpburic  acid,  both  in  the  state  of  a  gas  and  of  watery 
Use.  solution,  precipitates  most  metallic  solutions,  and  is  hence  an  ex- 

ceedingly delicate  test  of  the  presence  of  most  of  the  metals. 
SolutioD  Water  impregnated  with  this  gas,  when  exposed  to  the  atmot- 

decompo-    phere,  becomes  covered  with  a  pellicle  of  sulphur.     Sulphur  is  evea 
deposited  when  the  water  is  kept  in  well  closed  bottles. 

Chlorine,  iodine  and  bromine  decompose  it  with  separatioD  of  sat 
phur,  and  an  atmosphere  charged  with  the  gas  may  be  speedily  pa- 
rified  by  chlorine. 

Persulphuret  of  Hydrogen. 


■ed. 


Composition. 

Ifydr.  i^ulph, 

1  1  eq.      +     32.2       3  eq. 


».a 


766.  This  compound  was  discovered  by  Scheele  and' described  by 
Berthollet."*^  When  protosulphuret  of  potassium  (or  of  any  metu 
of  the  alkalies  and  alkaline  earths)  is  mixed  in  solution  with  sol- 
phuric  acid,  the  oxygen  of  water  unites  with  potassium  and  its  h^ 
drogen  with  sulphur.t 


Process. 


Theory. 


7G6.  Persulphuret  of  hydrogen  is  conveniently  made  bv  boiling  eq[qal 
of  recently  slaked  lime  and  flowers  of  sulphur  with  5  or  6  parts  of  wafv  ftr 
half  an  hour,  when  a  deep  oranffe-ycllow  solution  is  formed,  which  "*****■'— 
persulphuret  of  calcium.  Let  this  liquid  be  filtered,  and  gradually  added  eoU 
to  an  excess  of  hydrochloric  acid  diluted  with  about  twice  its  weight  of  wi' 
stirring  it  briskly.  A  copious  deposit  of  sulphur  falls  (the  Sidpkur  |V«cqnl« 
of  the  Lond.  Pnarmacop.)  and  persulphuret  of  hydrogen  gradually  rabsida 
the  form  of  a  yellowish  semi-fluid  matter  like  oil. 

767.  The  change  which  ensues  in  the  formation  of  the  yellow 
lution  may  be  theoretically  represented  thus  : — 

2  eq.  lime  and  6  eq.  sulph.  2  1  eq>  hvposulphs.  acid  and  9  eq.  bisulphnret  of  ealcii 
2(Ca4-0)  6S        .2^         26+20  2(Ca4SS). 

The  hyposulphurous  acid  exists  in  solution  united  with  lime,  and  is 
decomposed  when  hydrochloric  acid  is  added,  resolving  itself  ialo 
sulphurous  acid  and  sulphur. 

Properties.  <^^3'  ^^  common  temperatures  it  is  a  viscid  liquid  of  a  yeliov 
colour,  with  a  density  of  about  1.769,  and  a  consistence  varying  b^ 
tween  that  of  a  volntile  and  fixed  oil.  It  has  the  peculiar  odoor 
and  taste  of  hydrosulpburic  acid,  though  in  a  less  degree.  luek* 
mcnts  are  so  feebly  united,  that  in  the  cold  it  gradually  resolves  it* 
self  into  sulphur  and  hydrosulpburic  acid,  and  suffers  the  stite 
change  instantly  by  a  heat  considerably  short  of  212^  F.  Decom- 
position is  also  produced  by  the  contact  of  most  substances,  espedil- 
ly  of  metals  and  oxides. 

769.  The  composition  of  persulphuret  of  hydrogen  has  bsea  vi" 

SS?'^*  riously  stated.  According  to  Dalton  it  is  a  bisulfhuret.  But  Tbe- 
nard  found  its  constituents  to  vary  ;  whence  it  is  probable  that  kf* 
drogen  is  capable  of  uniting  with  sulphur  in  several  proportioDt.  » 
is  sometimes  regarded  as  an  acid. 


*  Ann.  tie  Chim,  iit.         t  See  Tamer,  9(4. 
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Section  XVI L     Hydrogen  and  Selenium, ' 

Seleniuretted  Hydrogen. 

770.  These  bodies  combine  to  form  a  gaseous  compound  termed  Seleniuret- 
seleniuretted  hydrof^en  or  hydroselenic  acid.  It  may  be  obtained  by  *«*  hydrog. 
dissolving  protnseleniuret  of  iron  in  hydrochloric  acid. 

771.  It  is  a  colourless  gas,  highly  irritating  to  the  lining  mem-  Propertiet. 
brane  of  the  nose,  and  for  a  time  destroying  the  power  of  smelling. 

Its  solution  smells  and  tastes  somewhat  like  hydrosulphuric  acid ;  it 
reddens  litmus  and  tinges  the  skin  brown.  It  is  decomposed  by  the 
air,  nitric  acid  and  chlorine,  and  selenium  is  deposited.  It  occa- 
sions precipitates  in  solutions  of  neutral  metallic  salts,  which  are 
black  or  dark  brown,  with  the  exception  of  those  from  zinc,  manga- 
nese and  cerium,  which  nre  flesh-coloured. 

772.  Seleniuretted  hydrogen  is  easily  decomposed  by  the  action  ^jompo- 
of  air  and  water ;  it  is  absorbed  by  moist  substances  and  communi- 
cates to  them  a  red  colour.     The  selenium  is  thus  remarkably  de- 
posited throughout  the  texture  of  organic  bodies.     A  piece  of  moist 

paper  is  penetrated  by  the  red  colour.     Moist  wood  and  even  a  thin 
piece  of  caoutchouc  became  in  the  same  way  red  throughout.    H.  993. 
Hydroselenic  acid  consists  of  39.6  or  1  cq.  of  selenium  and  I  of 
hydrogen ;  its  equiv.  is  40.6  and  its  formula  H-{-Se  or  HSe. 


Section  XVIII.     Compounds  of  Hydrogen  and  Phosphorus. 

773.  The  two  compounds  of  hydrogen   and  phosphorus  whichTJ^Jj^^^ " 
hare  heretofore  been  known  as  phosphuretted  and  perphosphu retted 
hydrogen,  have  been  found  by  Rose  to  be  isomeric,  identical  in  com- 
position, and  to  differ  only  by  the  one  being  spontaneously  inflam- 
mable and  the  other  not  so.   Levcrrier*  has  proved  that  perphosphu- 

retted  hydrogen  is  a  mixture  of  phosphuretted  hydrogen  with  about 

3^  of  ita  volume  of  a  spontaneously  inflammable  compound  of  31.4  _. .  ^^ 

pacta  or  2  eq.  of  phosphorus,  and  2  parts  or  2  eq.  of  hydrogen.     In  hyd.  ^^' 

the  same  paper  he  establishes  the  existence   of  a  solid  compound  of 

2  eq.  of  phosphorus  and  1  eq.  of  hydrogen.     The  latter  is  deposited 

OD  tne  aiaes  of  the  glass  vessel  when  moist  phosphuretted  hydrogen 

gas,  receotly  prepared,  is  exposed  to  strong  light. 

Phosphuretted  Hydrogen, 

&^,  Denntjf,  Equiv.  Eq.  Vol, 

alM-til  or  P>HS  1.1860  84.4  sue 

774.  Phosphuretted  hydrogen  was  discovered  by  Davy  in  1812,  Di,QovtrT, 
by    heating    hyd rated    phosphorous   acid    in    a  retort;    and    itftc. 

ii  erolved  from  hydrous  hypophosphorous  acid  by  similar  treat- 
meoL  It  18  also  formed,  according  to  Dumas,  by  the  action  of 
atroDg  hydrochloric  acid  on  phosphuret  of  calcium. 

775.  ft  may  also  be  obtained,  in  an  impure  state,  by  boiling  phos-  p^^, 
phorus  with  a  solution  of  potassa,  or  milk  of  lime.     Water  is  de- 
composed, the  oxygen  and  hydrogen  of  which  unite  with  different 
portions  of  phosphorus,  and  phosphoric  acid,  hypophosphorous  acid, 

and  phosphuretted  hydrogen  are  generated. 

*  Sm  th«  pmptn  of  Dumat.  Buff,  Rose,  and  Graham,  in  Xn.  dtCh.Hds  Phyt, 
nzi.  Iia,  ili.  880,  aid  xli.  6,  PkU.  Mag.  ▼.  401. 

-       28 
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Hydrogen  and  Phoiphonu. 

776.  When  the  gas  is  obtained  pure  from  hydrated  phosphorous  or 
hypophosphorous  acids,  it  may  be  mixed  with  air  or  oxygen  gas  at 
common  temperatures  without  danger ;  but  the  mixture  detonatei 
with  the  electric  spark  or  at  a  temperature  of  900^.  Even  dimiiK 
ished  pressure  causes  an  explosion,  an  effect  which  ia  operatiof 
with  the  mercurial  trough  is  produced  simply  by  raising  the  lube^  lo 
that  the  level  of  the  mercury  within  may  be  a  few  inches  higher 
than  at  the  outside. 

777.  In  preparing  the  gas  from  phosphorus  and  solution  of  po- 

tassa  in  a  glass  retort,  the  atmospheric  air  should  be  remoTed,  oihM^ 

wise  explosion  may  occur. 

A  retort  holding  a  pint  may  be  employed.    About  a  quarter  of  an  ouncerf 
phosphorus  may  be  placed  in  the  retort  and  a.moderately  strong  aoluttoo  ^'    ^ 
sa  poured  upon  it  until  the  neck  and  body  of  pif .  ITtt. 

the  retort  are  completely  filled.  The  finger 
being  placed  orer  toe  beak  h  is  next  immermd 
ander  the  surfiu:e  of  a  portion  of  the  same  so- 
lution^  contained  in  a  glass  dish  or  a  small 
pneumatic  trough,  and  the  finger  is  then 
removed.  The  retort  ma  ' 
block  of  wood  or  supportc 

rings  of  a  retoit  stand.    (Fig.  176.)  ^     

pemuous  solution  may  then  be  removed  by  paseinc  iip  hydrogetrns.*  Thi 
neat  of  a  lamp  is  carefully  applied  and  soon  after  tne  solution  bous,  tbt  pi 
is  evolved  in  abundance,  and  inflames  on  escaping  into  the  air. 

Forty  grains  of  phosphorus^  fifty  of  caustic  potassa,  and  siitf 
drops  of  water,  give  this  gas  very  readily  when  gently  heated  int 
small  retort,  (capable  of  holding  an  ounce  and  a  half  or  two  ouAcef 
when  quite  full,)  and  With  very  little  trouble. 

The  readiest  mode  of  procuring  this  gas  is  by  means  of  phoiphih 
ret  of  calcium  ;t  lumps  of  which  may  be  dropped  into  water  acid- 
ulated  with  hydrochloric  acid.  The  retort  or  gas  bottle  roar  ^ 
placed  wholly  beneath  the  water  in  the  pneumatic  trough,  and  the 
combustion  of  the  bubbles  of  gas  will  take  place  at  the  surface. 

778.  This  gas  is  colourless,  has  a  nauseous  odour  like  onions,! 
very  bittet  taste,  and  inflames  when  mixed  with  air,  a  property 

*  This  may  be  done  from  a  gas  bottle  haviog  a  lotig  and  slender  leaden  pipe  st- 
eadied to  it,  or  by  a  pipe  and  fleiible  tnbe  proceedinff  from  the  appantna  (Fig.  IN-) 
It  will  be, found  Decessaiy  after  all  the  solution  has  oeen  expelled  from  ina  seek  li 
incline  the  bodjr  of  the  retbrt  so  as  to  allow  a  part  of  what  remafaia  in  the  body  li 
flow  into  U,  which  is  to  be  expelled  as  at  first. 

A  very  Jimpie  method  of  avoiding  all  danger,  is  to  moisten  the  interior  of  tbs  is- 
tort  witb  elber. 


Id  the    linger  is  then  j 

may  be  attached  to  a  JK 

ortcd  securely  upon  the  CJ 

1.    (Fiff.  176.)    The  su-  .^< 


pk«rtt  of  c»ki 


in  with  clay.  The  phosphorus  is  put  into  the  test  tube ;  the  top  of  whkb  ii  loMrif 
covered  with  a  piece  of  broken  crucible  to  prevent  the  pieces  of  quicklime  frsM  nssiv 
idio wn  into  it.  The  lime  is  then  put  in  so  as  to  fill  this  crucible  and  partly  ill  tbt  wfft 
one,  which  serves  as  a  cover  to  it,  and  is  lated  on  with  some  fine  clay  a  little  luirtx 
ed.  The  cover  has  also  a  small  hole  in  its  top  to  afibrd  an  outlet  for  the  air,4e.  flv 
whole  M  placed  upon  the  grate  of  a  furnace,  with  the  test  tube  projeciioff  tki«|k  J 
below,  and  a  cbari'oal  fire  is  kindled  around  it.  The  phosphorus  may  be  kept  cm^« 
necessary,  by  making  the  tube  dip  into  water  contained  in  a  tin  cap  attnehid  • 
the  end  of  a  stiok.  When  the  crucibles  and  contents  are  thoroughly  red>lioc,  a  cMff 
dish  is  substituted  for  the  tin  cup,  and  the  phosphorus  rising  in  vapour  pradMH  v 
dMtied  change.    The  pbosphuret  should  be  preserved  in  a  &eaied  phial. 

*  Mhchell  In  jAmt.  Jour,  zvU.  349. 
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rhicb  it  loses  by  being  kept  orer  water ;  water  takes  up  two  per  fltct.»x. 
ent.  of  the  gas,  and  acquires  a  bitter  taste  and  the  smell  of  onions. 

779.  If  the  beak  of  the  retort  (776)  is  plunged  under  water,  the  RingB. 
uccessive  bubbles  of  gas  as  they  escape,  burst  into  flame  and  form 
ings  of  dense  white  smoke  which  enlarge  as  they  ascend,  retaining 
beir  shape  if  the  air  is  tranquil.     The  wreaths  are  formed  of  meta- 
ihoaphoric  acid  and  water. 

780.  When  bubbles  of  phosphuretted  hydrogen  are  let  up  into  a  Comboi- 

sr  of  oxygen,  they  burn  with  greatly  increased  splendour.  rgeo!°  ^' 

Ther  ■faoold  be  receiTed  in  a  large  jtr,  but  half  ftUed  with  osrcen,  and  care  £zp. 
lost  M  Uken  not  to  allow  them  to  accumulate  in  the  jar.    Tne  lafeet  me- 
mmI  is  to  collect  a  few  babblea  in  »  amall  phial  and  paaa  them  np  from  that  into 
be  large  jar,  a  bubble  at  a  time.    Similar  ezperim.enta  may  be  made  with  chlo- 

ine. 

781.  One  hundred  measures  of  phosphuretted  hydrogen  gas  con-  Compoai- 
tin  150  of  hydrogen  and  25  of  vapour  of  phosphorus,  hence  as         JJoo  f^ 

ISO  cub.  inches  of  hydrogen  gaa  weigh  ....        3Ji050  gra. 
25    **        '«    phoepbdrua  vapour  ....      33.5461   '• 

100    **        «*    phoepjutretted  hydrogen  gaa  ahpuld  weifb    36.7511    *.* 

nd  its  calculated  density  should  be  1.1850,  which  is  nearly  a  mean 
r  the  observations  of  Dumas  and  Bose. 

788.  According  to  Leverrier,  it  is  probable  that  th^^pmpoMnd  of^j^ 
hoepbprus  i^nd  hydrogen  composed  of  two  equiy.  of  e^ch  of  its  ele- 
lenta,  which  is  spontaneously  inflammable,  communicates  that  pro- 
eity  to  phosphuretted  hydrogen  gas.  This  opinion  is  groundea  on 
le  fiact  that  when  spontaneously  inflammable  phosphuretted  hydro- 
en  ia  kept  /or  any  length  of  time  in  the  dark  it  saflSers  no  change, 
at  in  a  strong  light,  solid  phosphuretted  hydrogen  is  deposited,  and 
le  residual  gas  is  no  longer  spontaneously  inflammable.  Thus  it 
Dpears  that  by  the  action  of  light  PH'  is  decomposed,  and  P^ 
od  PW  are  formed,     t.268. 


jSscnoif  XIX.    Compoundt  of  J^itrpgen  and  Carbon. 

Bkarhuret  of  Nitrogen^^Cyanogen  Gas. 

CompoaitifDo. 

/bns.  iS^.  Gr.  NiL  Car.  Eqtdw. 

P4SC,  er  NC<,  or  Cy.      l  .8167  Air     =  J     U.l^  1  cq.  18.24  8  eq.    86.S9  bv  WghL 

816.39     Hyd.  =1  100      *^  Vol. 

783.  T^is  gaseous  compound  was  discovered  by  Gky-Lussac,  in  Cyanogcii. 
81fii*  and  was  called  cyanogen  from  x^tfog,  blue^  and  ycri^,  Ige* 
mrmUSf  because  it  is  an  essential  ingredient  of  Prussian  blue. 

19L  It  is  obmined  by  heating  dried  bicyanuret  of  mercury  in  a  pnceaa. 
■mU  glass  retort.t  This  cyanuret,  formerly  called  prussiate  of 
wirtunft  i<  composed  of  metallic  mercury  and  cyanogen.  On  expo- 
are  to  a  low  rea  beat,  it  is  resolved  into  its  elements ;  the  cyanogen 
«8Sts  over  in  the  form  of  gas,  and  the  metallic  mercury  is  sublimed. 
die  heat  applied  should  Im  sufficient  to  expel  the  cyanogen  slowly 
lod  steadily,  as  it  is  liable  to  be  decomposed  by  a  high  temperature. 
Powards  the  end  of  the  process,  a  black  substance  is  procured,  aris- 


^CSUakxcv. 
t  Vbr  Che  OMlhod  of  preparing  thia  cyiaaret,  see  H |.  >itf  4t^e4^M*%  V     ^ML 
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Ohap  III,  ing  from  the  decomposition  of  part  of  the  cyanogen,  consisting  of  tkt 
same  ingredients  as  the  gas  itself.  T. 
Properties.  785.  Cyanogen  has  a  strong,  penetrating,  and  disagreeable  tnell, 
resembling  that  of  bitter  almonds.  It  burns  with  a  bluish  flame 
mixed  with  purple,  which  can  be  shown  by  igniting  it  at  the  beak  of 
the  retort,  which  may  be  drawn  out  to  a  fine  point  before  the  blow-pipe. 

786.  It  must  be  collected  over  mercury,  as  water  absorbs  4.6  lunee 
Collected,  j^^  volume  of  the  gas.     The  aqueous  solution  reddens  litmus  oqier, 

an  efiect,  however,  not  to  be  ascribed  to  the  gas,  but   to  acids  ge- 
nerated by  the  mutual  decomposition  of  cyanogen  and  water. 

787.  Cyanogen  contains  its  own  bulk  of  nitrogen  and  twice  in 

volume  01  the  vapour  of  carbon  ;  and  since 

100  cubic  inches  of  nitrogen  gas  weigh  30.1650  gn. 

200    "  "        vapour  of  carbon  "  ...        86.1428   •* 

100    *^  ^        cyanogen  ^  must  weigh  50.3078   ** 

The  ratio  of  its  elements  by  weight  is. 

Nitrogen     30.1650    .    .    .    0.9727 14.151m. 

Carbon        26.1428    .    .    .    0  8430(2+0.4215)    .    .    .    12.24  8  «|. 

Sp.  gr.        "^^e  sp*  Sfr*  of  ^  gas  ^^  constituted  is  0.9727^0.843=1.8157,  which 
is  near  1.8064  the  number  found  experimentally  by  Gay-Lussac. 

Cyanogen  is  a  bicarburet  of  nitrogen  ;  but  its  most  conTenieot 
name,  cyanogen,  may  be  expressed  by  Cy.^    t.  259. 


Sbctiom  XX.     Compounds  of  Sulphur  with  Carbon^  4^. 

Bisulphuret  of  Carbon. 

Composition. 

Fhrm.  Carb.  Sul.  Eqmv,         Eq.  Vol. 

C44iSorCSs  6.IS    +    32.2    =    38.82  100 

w"p^u"r>-  ''^-  '^^^^  substance  was  discovered  in  1796  by  Lampadius  iriio 
■ulphuret,  regarded  it  as  a  compound  of  sulphur  and  hydrogen,  and  termed  it 
oj^icohol    alcohol  of  sulphur, 

o  8u  p  ur.  i^gg  |^  ^^^  |^  obtained  by  heating  in  close  vessels  the  native  hi- 
tainecL        sulphuret  of  iron  (iron  pyrites)  with  one  fifth  of  its  weight  of  well 

dried  charcoal,  or  by  passing  the  vapour  of  sulphur  over  fragment! 

of  charcoal  heated  to  redness  in  a  tube  of  porcelain.t 
Properties,       790.  The  bi-sulphuret  of  carbon  is  eminently   transparent,  and 

perfectly  colourless.     Sometimes,  immediately  after  distillation,  the 


*  Paracyanogtn.  Symb.  N<C^  Eg.  106.66?  The  brown  matter  left  in  tbe 
in  the  foregoing  process  (734)  is  a  solid  nicarburet  of  niirt^n,  isomeric  with  cyaaegrir 
but  differing  from  it  in  its  physical  and  chemical  relations.  Heated  in  th«  opn  ar, 
several  definite  compounds  of  carlion  and  nitrogen  may  be  obtained.*  It  is  sotaUsii 
nitric  and  solphoric  acids  and  forms  a  compound  with  oxygen  in  which  one  aq.  of  «• 
ygen  is  combined  with  four  eg.  of  nitrogen  and  eight  eq.  of  carlion. 

Mellon.  Symb.  WC*.  Kq.  93.32.  It  is  a  lemon  yellow  coloured  powder,  ioiilii- 
ble  in  water  and  alcohol,  but  soluble  and  decomposaole  by  acids  ana  alkalict.  h 
heat  it  affords  one  toI.  of  nitrogen  and  three  of  cyanogen.  It  is  one  of  the  jMmftm 
radicals.    T. 

Compound  of  Photphoriu  and  NUro^en. 

Photphuret  <if  Nitrogen.    Symb.  N+2P,  or  NP».    Eq.  46.66.    When  either  oftlt 

chlorides  of  phosphoms  is  saturated  with  dry  amrooniacal  gas,  a  white  aotid ^ 

obtained,  which  on  exposure  to  a  strong  heal,  gives  rise  to  the  ion 


formation  of  t      , 
of  nitrogen,  and  hydrochloric  acid  gas."  It  is  a  light  snow  white  powder,  inaoluUeh 
wster.    It  11  composed  of  81.4  parts  or  2  eq.  of  phosphorus,  and  14.15  or  ooe  af.  ■ 
nitrogSD. 

t  A  poroalain  tabe  an  inch  or  more  in  diameter  is  coated  with  clay  and  wrapped  ■■■' 

*  Rrawsier's  Jntr.  N.  S.  1.  75. 
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aid  appears  a  liltle  opaque  and  milky ;  but  the  uezt  day  it  is  Secuxx. 

0  have  become  completely  limpid.    It  has  an  acrid,  pungent, 

newhat  aromatic  taste ;  its  smell  is  nauseous  and  fetid.     It  is 

in  alcohol  and  ether ;  its  refractive  power  in  regard  to  light 

considerable.    Its  sp.  gr.  is  1.272 ;  of  its  vapour  2.668.     It 

;  110^,  and  does  not  freeze  at  — 60^.    It  is  very  volatile,  and 

1  which  it  produces  during  evaporation  is  so  intense,  that  by 
ig  a  thermometer  bulb,  covered  with  fine  lint,  moistened  with 
16  receiver  of  an  air-pump,  the  temperature  sunk,  after  ex- 
•D  to  — 60^.  When  a  mercurial  thermometer  is  used,  the 
reezes.    When  a  few  drops  of  this  liquid  are  poured  on  the 

of  a  glass  of  water,  the  temperature  of  which  is  32^  F. 
e  branches  of  ice  dart  to  the  bottom  of  the  vessel,  and  the 
nrater  is  suddenly  frozen.  At  the  same  time,  the  sulphuret 
IS  volatilized ;  and  the  spicule  of  ice  beautifully  exhibit  the 

of  the  solar  spectrum. 

Bisulphuret  of  carbon  is  a  stdphur-acid,  that  b,  it  unites  with  ^  gQiphnr- 
r  bases  to  constitute  compounds  analogous  to  ordinary  salts,  add. 
Dce  called  rulphur^taXts.     Thus  bisulphuret  of  carbon  unites 
ulphuret  of  potassium,  forming  a  sulphur  salt,  in  which  the 
acts  as  an  acid  and  the  latter  as  a  base.    T. 

Sulphuret  of  Phosphorus. 

Sulphur  and  fused  phosphorus  unite  frequently  with  vio-  proceti. 

The  experiment  should  not  be  made  with  more  than  30  or 

of  phosphorus.     The  phosphorus  is  placed  in  a  glass  tube  5 

:hes  long,  and  about  half  an  inch  wide,  when  by  a  gentle 

is  liquefied,  the  sulphur  is  added  in  successive  small  portions. 

impound  is  highly  combustible.^ 

I  vire .  It  is  then  filled  with  frag- 
r  charcoal,  taking  care  to  leave 
lk«  twasage  of  vapour,  and  made 
■t  a  luroace  as  represented  in  Fig. 
fflon  filled  about  a  third  full  of 
M  then  fitted  to  one  end  of  the  tube, 

Jit  by  a  retort  stand,  and  usin^  a 
clay  and  sand  to  make  the  join- 
gfaL  A  bent  j^lass  tube  about  half 
ir  rather  less  in  diameter  is  attach- 
tame  manner  to  the  other  eitre- 
tba  porcelain  tul»e,  and  connected 
{ItM  globe  terminating  in  a  small 
mI  in  a  receiver  half  full  of  water, 
Btth«  kej>tcold. 

•mythmg  has  been  properl?  ad- 

re  ia  pat  into  the  furnace,  and  the  tube  with  the  charcoal  brought  gradually 
■a  red  beat.  The  sulphur  in  the  retort  ia  then  made  to  pass  over  it  in  vapour, 
Hf  combine,  the  bisulphuret  which  is  formed  condenses  in  drops  that  fall  to 
■I  of  the  water  in  the  receiver.  The  use  of  the  globe  is  to  prevent  any  water 
back  to  the  porcelain  tube.  The  charcoal  should  be  well  prepared,  and 
d  with  any  unchanged  woody  fibre.    Reid. 

iakuret  qf  Selenium  is  of  an  orange  colour,  and  fuses  at  a  heat  a  little  above 
mniuin  also  combines  with  phospEorus  and  forms  a  aeleniuret  which  is  very 

qf  Nitiwen  is  formed  by  the  reaction  of  chloride  of  sulphur  on  a  solu- 
ia,  aaa  contains  from  92  to  93  per  cent,  of  sulphur,  and  7  to  8  of  ni- 


qf  Photf)honu  may  be  made  in  the  same  manner  as  sulphuiat  of  pboa^^ 
b  is  vary  mible  and  deoomposea  water  when  digaated  in  it  HB 

wni  9(f  mtngtn  ia  fbrmed  by  the  rtactioo  of  chloride  of  aolphar  on  a  aola^F 
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CHAPTER  IV, 

BIETALa 

Section  I.     General  Properties,  and  CamUnatunu^ 

793.  Many  of  the  metals  have  been  long  known,  while  0ome  hm 
been  recently  discovered.  There  are  fortytwo  bodies  of  this  dfm\ 
they  are  incapable  of  being  resolved  into  more  simple  parts,  and  nt 
therefore  regarded  as  elementary.  Most  of  them  are  remariaiUs  fa 
their  specific  gravity ;  they  are  conductors  of  electricity  and  hn^ 
they  are  positive  electrics,  opaque,  possess  a  peculiar  lustra,  sad  hi 
in  general  good  reflectors  of  light. 

794.  The  following  table  contains  their  names»  date  pf  4i>oofH7i 
specific  gravity  at  60°  F*>  and  symbols. 


Namet  of  Metali. 

Dates  of  the  Diseorary. 

• 

Speclfie  Qtvrkj. 

wn^ 

Gold,            m, ' 

.   19.267      .     .     . 

ilk 

Silver,         m. 

«        •        •        • 

.    10.474 

Aff. 

Iron,            m. 

•         •        •        • 

.     7.788 

p£ 

Copper,       m. 

► 

•         •        •        • 

.     8.896 

Oa. 

Mercury, 

s        •         •         • 

.    13.668 

Hf. 

Lead,           m. 

•         a         «         « 

.   11.362 

isr 

Tiiij             m.  J 

>         •         ■          • 

.     7.291 

St. 

AntimoDy, 

.     .    149Q    , 

.     6.708 

ab. 

Bismuth, 

.     .     1630    . 

,     9.622 

BL 

Zioc,            m. 

.  16th  oentor 

y. 

.     6.861  to  1 

^l 

Zb. 

ArseDtc,            > 
Cobalt.              $ 

!    !    *^^^ 

.     6.8843    . 

At. 

.     7.834 

Co. 

Platiaum,     m. 

.     1741 

20.98 

Pt 

Nickel,         m. 

.     .     1751 

8.279 

NL 

Maogaoese, 

.     .     1774 

.     8.013 

Mq. 

TuDgStCD, 

.     .     1781 

17.6 

W. 

Tellurium, 

.     .     1782 

6.116 

fc. 

Molyl>denum, 

.     .     1782    . 

8.61^  to  8 

.63 

6   ', 

Uranium, 

.     .     1789    , 

9.000 

ft. 

Titanium, 

.     .     1791    , 

6.3 

Chromium, 

.     .     1797    . 

6+ 

Of.     ; 

Columbium, 

.     .     1802    . 

a           •           a           • 

T^ 

Palladium,  m,  > 
Rhodium,          ) 

;     1803    ' 

11.3  to  11. 

•     *     .     • 

8  ! 

Pd. 

R. 

Iridium, 

.'     1803    ', 

18.68   .    . 

Ir. 

Osmium, 

.     1S03    . 

•     *     •     ■ 

Os. 

Cerium, 

.    1804    . 

•     •    •     I 

Ce. 

Potassium,  m.  ] 

•          •           •           a 

0.866 

K. 

Sodium,  m. 

»           •          •           a           • 

0.972 

Ns. 

Barium, 

> 

.     1807    . 

Btt. 

Strontium, 

•         •          •          a 

ft. 

Calcium,           J 

*          a           •           fl 

Ca^ 

Cadmium,  m. 

.     .     1818    . 

8.6(04' 

Gd. 

Lithium, 

.     1818    . 

L. 

Zirconium, 

.    1824    . 

Zr. 

A  luminium,      ^ 

*         •         •         1 

AL 

Glucinium,        > 

.    1828    . 

G. 

Yttrium,           ) 

*          *          •          a 

T. 

Thorium, 

.     1829    . 

n. 

Magnesium 

.     1829    . 

Mf. 

Vanadium 

.     1830    . 

▼:    1 

LaUniuro, 

.     1839    . 

>          •           •           a 

• 

a         « 

tioD  of  ammonia.  It  is  a  colourless  powder.    Its  alcoholic  toluUoa  gi' 
'^  iliM  porpU  cokrar  which  is  fugitive.    It  contains  from  92  to  M  par 
*  7  or  S  of  nitrogm.    T. 


with 


FiuUrilihf  of  Metab. 
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Malleability  and  dactility  are  important  properties  of  metals.^    g^tt.  i. 

metals  which  are  remarkable  for  ductility  are  gold,  silver, 
im,  iron,  and  copper. 

The  metals  also  difier  in  tenacity,  in  which  property  iron 
ses  all  others.     Their  hardness  also  varies*  some  as  titanium,  Tenacity. 
%.,  are  very  hard ;  others,  as  lead*  are  soft,  and  a  few,  as  po- 
D,  yield  to  the  pressure  of  the  fingers. 

Some  of  the  malleable  and  ductile  metals  have,  also,  a  high 

of  eUuticUy,    This  property  fits  them  for  being  applied  to  £iastkitT. 
echanical  purpose  of  springs.     Steel  and  iron  are  in  this  re- 
superior  to  all  other  metals.    Upon  the  properties  of  elasticity 
iraness,  appears  also  to  depend  that  of  fitntn  for  exciting 

.  Many  of  the  metals  have  a  distinct  crystalline  structure,  and 

ly  occur  in  nature  in  distinct  crystals,  but  can  be  obtained  in  Stmetare. 

ite  by  careful  fusion  and  cooling. 

m  bismuth,  melted  in  a  crucible,  and  suffered  to  cool,  becomes 

d  with  a  crust,  and  when  this  is  pierced,  and  the  fluid  be-  cryttalli- 

dlowed  to  flow  out,  the  cavity  is  found  studded  with  beautiful-  ntioo. 

liar  cubic  crystals. 

.  Metals,  with  the  exception  of  mercury,  are  solid  at  common 

miares ;  but  they  may  all  be  liquefied  by  heat.     The  degree  Fusibility 

ch  theyjvse,  or  their  point  of  fusion^  is  very  different  for  dif-  of  MetaJb. 

metals,  as  appears  from  the  following  table. 


< 


TaUe  qf  the  PiuibUUy<if  tUffereni  Metala. 

Fahr. 

Mercury 

Potassium    .        ^        . 

Sodium 

Cadmium    .        .    about 

iiii|     .        .        •        • 

Bismuth 

Lead    .... 

Tellnriam  —  rather    lesa 

fusible  than  lead. 
ArseDic— undetermined. 
Zinc     .... 
Atitimooy  a  little  btlow 

a  red  Mat. 
SilTer 
Copper 

Gh>id    .... 
Iron,  cast     . 
Iron,  malleable 


773 


Difierent  cbemi<ts. 
Gay-Lussac  and  Thenard. 
Stromeyer. 

Crichton. 

Klaproth. 
Daniell. 


Danidl. 


fn- 


1873 
1996 
2016 
S786 

Requiring  the  highest  heat  of  a 


amith'a  forge. 


^bildwi 


Manganese 
Cobalt— rather   less 

sible  than  iron. 
Nickel— nearly  the  same  as  cobalt. 
Palladium 
Molybdenum 
tJranium 
Tungsten 
Chromium 
Titanium 
Cerium 

f^i^iT       I    Infusible  in  the  heat  of  a  smith's  forge,  but 

Rhodium 
Platinum 
Columbium 


I    Almost  infusible,  and  not 
to   be  procurea  in  but- 
.         tons   by  the  beat   of  a 
j        smith's  forge. 


\ 


Fusible   be- 
fore the  osy- 
hTdrogen 
btow-pipe. 


fusible  before  the  ozy-hydrogen  blow-pipe* 


I  anHiMa  macala  an  dtaigaattd  in  the  table  by  the  ietlef  m^  to  wkkh 


■  fiOMa  lafifSBfy. 


224 


M^aU. 


Caiap.  IV. 

Volatile. 

Action  of 
metals  up- 
on each 
other. 

Alloys. 


Amalgams. 


Characters 
of  alloys. 


Union  with 
other  bo- 
dies. 


Combusti- 
ble. 


Product. 


800.  Some  metals  are  volatilized  by  heat,  others  may  be  exposed 
to  the  intense  heat  of  a  wind  furnace  without  being  raited  in  ft- 
pour. 

The  metals  may  for  the  most  part  be  combined  with  each  other, 
forming  a  very  important  class  of  compounds,  the  metallic  iMajfL 

The  word  alloy  is  a  general  term  for  all  combinations  of  nettb 
with  each  other ;  and  the  specific  name  is  derived  from  that  of  ik 
metal,  which  prevails  in  the  compound.  Thus  in  the  aUay  qf  goU 
with  silver t  the  gold  is  to  be  understood  as  being  in  greatest  pram* 
tion  ;  in  the  alloy  of  silver  with  gold,  the  silver  is  the  principal  in- 
gredient.* 

The  compounds  of  mercury  with  other  metals,  at  a  ▼ery  early  pi- 
riod  of  chemistry,  were  called  AitiALOAMs,  and  the  term  is  still  retanrf. 

801.  When  metals  are  alloyed  their  properties  are  more  or  Iw 
afiected. 

1.  We  observe  a  change  in  the  ductility,  maileability,  hardoai, 
and  colour.  Malleability  and  ductility,  are  usually  impaired,  iirf 
often  in  a  remarkable  degree. 

2.  The  spec! tic  gravity  of  an  alloy  is  rarely  the  mean  of  its  cfl» 
ponent  parts  ;  in  some  cases  an  increase,  in  others  a  dimioatioa  if 
density  having  taken  place. 

3.  The  fusibility  of  an  alloy  is  generally  greater  than  that  of  'M 
components. 

4.  Alloys  are  generally  more  oxidizable  than  their  eonstitacslii 
taken  singly. 

802.  The  metals,  although  they  readily  unite  with  the  elementifT 
substances,  are  little  disposed  to  combine  in  the  metallic  state,  witk 
compound  bodies,  such  as  an  oxide  or  an  acid.  Their  union  witk 
the  sitnple  non-metallic  substances,  sucl*.  as  oxygen,  chlorine,  and 
sulphur,  gives  rise  to  new  bodies  in  which  the  metallic  character  ii 
wholly  wanting.  In  all  these  combinations  the  tendency  to  ooitsii 
definite  proportions  is  conspicuous ;  the  chemical  changes  are  Rg«- 
lated  by  the  same  general  laws  already  described,  and  the  sum 
nomenclature  is  applicable. 

803.  Metals  are  of  a  combustible  nature;  that  is,  they  are  loi 
only  susceptible  of  slow  oxidation,  but,  under  favorable  circamstiB* 
ces,  they  unite  rapidly  with  oxygen,  giving  rise  to  all  the  phenooMM 
of  real  combustion.  Zinc  burns  with  a  brilliant  flame  when  l^is' 
to  full  redness  in  the  open  air ;  iron  emits  vivid  scintillations  oo  ke 
ing  inflamed  in  an  atmosphere  of  oxygen  gas;  and  the  least  oxid^ 
ble  metals,  such  as  gold  and  platinum,  scintillate  in  a  stmilsr  mi^ 
ner  when  heated  by  the  oxy-bydrogen  blow-pipe. 

804.  The  product  cither  of  the  slow  or  rapid  oxidation  of  ao^ 
al,  when  heated  in  the  air,  has  an  earthy  aspect,  and  was  cslU  > 


till  It  »ol 
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*  VarioQs  processe«  are  adopted  ia  the  formation  of  alloyv  depending  nnoBlkt^ 
turc  of  the  metals.  Many  are  prepared  by  simply  fusins  the  two  metals  ii  t  f 
ered  crucible  *,  but  if  there  Itc  a  considerable  difference  in  tbe  specific  graviiy  iN* 
metals,  the  heavier  will  often  subside,  and  the  lower  part  of  th«  haroriMSI,*" 
diff«*r  ill  composition  from  the  upper  ;  this  may  be  prcreniad  by  agitntiof  UN  ^ 
till  it  solidifies. 

one  of  the  metals  is  Tery  volatile,  it  should  genendly  be  added  to  (bi  i>^ 
fusion ;  and  if  both  metala  be  Tolalile,  they  may  be  iomatimaa  muHi^w 
liag  tbem  together. 
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*lt  by  the  older  chemisis,  the  process  of  forming  it  being  expressed  Skii 
y  the  term  calcination.  Another  method  of  oxidizing  metals  is  by 
^^flagration;  that  is,  by  mixing  them  with  nitrate  or  chlorate  of  po- 
•6sa»  and  projecting  the  mixture  into  a  red-hot  crucible.  Most  met- 
is may  be  oxidized  by  digestion  in  nitric  acid ;  and  nitro-hydro- 
hlnric  acid  is  an  oxidizing  agent  of  still  greater  power. 

806.  Some  metals  unite  with  oxygen  in  one  proportion  only,  but  Union  with 
aoat  of  them  have  two  or  three  degrees  of  oxidation.  Metals  difler  ^'^^*°' 
emarkably  in  their  relative  forces  of  attraction  for  oxygen*  Potas- 
i^m  and  sodium,  for  example,  are  oxidized  by  mere  exposure  to  the 
ir ;  and  they  decompose  water  at  all  temperatures,  the  instant  they 
ome  in  contact  with  it.  Iron  and  copper  may  be  preserved  in  dry 
ir  without  change,  nor  can  they  decompose  water  at  common  tem- 
eratures ;  but  they  are  both  slowly  oxidized  by  exposure  to  a  moist 
troosphere,  and  combine  rapidly  with  oxygen  when  heated  to  red- 
esa  in  the  open  air.  Iron  has  a  stronger  afKnity  for  oxygen  than 
opper ;  for  the  former  decomposes  water  at  a  red  heat,  whereas  the 
itcer  cannot  produce  that  effect.  Mercury  is  less  inclined  than  cop- 
er to  unite  with  oxygen.  Thus  it  may  be  exposed  without  change 
>  the  influence  of  a  moist  atmosphere*  At  a  temperature  of  650** 
r  70(r  it  is  oxidized  ;  but  at  a  red  heat  it  is  reduced  to  the  metallic 
tale,  while  oxide  of  copper  can  sustain  the  strongest  heat  of  a  blast 
irnare  without  losing  its  oxygen.  The  afllinity  of  gold  for  oxygen 
(  atill  weaker  than  that  of  mercury ;  for  it  will  bear  the  most  in- 
fnae  heat  of  our  furnaces  without  oxidation. 

9d(k  Metallic  oxides  may  be  reduced  to  the  metallic  state  by  heat  Rt^iKtion 
lone,  by  the  united  agency  of  heat  and  combustible  matter,  as  in  **■  ®*'°**" 
letailurgy  when  metals  are  extracted  from  their  ores  with  the  aid  of 
tiarcoal,  &c.,  by  galvanism,  and  by  the  action  of  deoxidizing  agents 
D  metallic  solutions,  as  when  one  metal  is  precipitated  by  another. 

To  a  iolation  of  tlie  nttrata  of  ozido  of  tilv«r,  add  a  •mail  qiiaDtity  of  R^p, 
Mffcoij,  the  ailTer  will  be  thrown  down  in  a  metallic  form,  and  oxiae  of  mer- 
lirr  be  diMolvod  in  the  nitric  acid  and  watitr. 

FroBi  this  lolution  the  mercury  may  be  neparated  by  placinc  in  it  a  poliiilied  fi^p, 
tA  of  copper,  and  a  solution  of  nitrate  of  oxide  of  copper  will  oe  obtained,  from 
rkich  the  copper  may  be  precipitated  by  a  rod  of  iron. 

907.  Metals,  like  the  simple  non-metallic  bodies,  may  give  rise  to  Acids  from 
sides  or  acids  by  combining  with   oxygen.     The  former  are  the  m«»»l«. 
iNWt  frequent  products.    The  acids  contain  a  larger  quantity  of  oxy- 
;en  than  the  oxides  of  the  same  metal. 

806.  Many  of  the  metallic  oxides  have  the  property  of  combining  Oxidea  and 
vith  acids.     In  some  instances  all  the  oxides  of  a  metal  are  capable  '<^*^^' 
if  forming  salts  with  acids,  as  is  exemplified  by  the  oxides  of  iron  ; 
mt,  generally,  the  protoxide   is  the  sole  alkaline  or  salifialle  base, 
lAost  of  the  metallic  oxides  are  insoluble  in  water.     Oxides  some- 
imes  unite  with  each  other  and  form  definite  compounds. 

S09.  The  metals  combine  with  chlorine,  and  the  compounds  are  Action  of 
wmed  eklarides.  In  some  instances  the  application  of  heat  is  re-  chlorine. 
laired  :  the  combination  is  in  some  cases  ^low  and  in  others  rapid, 
kitended  with  the  evolution  of  light.  The  attraction  of  chlo- 
iae  for  the  metals  is  superior  to  that  of  oxygen  ;  hence  when 
^Uorine  is  brought  into  contact  with  their  oxides,  the  oxygen  is  lijse- 
*lte4  and  a  chloride  of  the  metal  is  obtained,  the  elements  oT  which   * 
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Chap.  IV.  are  so  strongly  united,  that  in  some  cases  they  are  not  separated  by 
intense  heat. 
S-^K?^^"      810.  The  metallic  chlorides  are  mostly  solid  at  common  tempera- 
rides  ^        tures,  fusible,  and  susceptible  of  crystallization;  several  of  them  are 
volatile ;  most  of  them  are  soluble.     They  are  of  nearly  all  cokran. 
^^^  81 1.  The  chlorides  of  the  common  metals  are  decomposed  at  a  red 

•iiioD  of/  ^^^^  ^y  hydrogen  Cfas,  hydrochloric  acid  being  disengaged  and  the 
metal  set  free.  When  in  solution  they  may  be  recognised  by  yield- 
ing with  nitrate  of  oxide  of  silver  a  white  precipitate,  which  is  chlo- 
ride of  silver.  Several  of  them  decompose  water,  giving  rise  to  the 
formation  of  hydrochloric  acid  and  an  oxide  (617),  or  in  some  cases 
to  a  hydrochlorate.^ 
Procured.  812.  Metallic  chlorides  are  frequently  procured  by  dissolving  me- 
tallic oxides  in  hydrochloric  acid,  evaporating  to  dryness,  and  applj^ 
ing  heat  so  long  as  any  water  is  expelled. 

813.  The  same  metal  often  forms  more  than  one  compound  wilk 
chlorine,  and  these  compounds  are  designated  as  the  oxides. 

814.  Iodine  has  a  strong  attraction  for  metals  ;  and  most  of  the 
io^ae        compounds  which  it  forms  with  them  sustain  a  red  heat  in  close 

sels  without  decomposition.     But  in  the  degree  of  its  affinity  for 
taliic  substances  it  is  inferior  to  chlorine  and  oxygen.     The  metallic 
iodides  are  generated  under  circumstances  analogous  to  those 
tioned  (m  procuring  the  chlorides. 

The  action  of  iodine  on  metallic  oxides,  when  dissolved  or 
pended   in  water,  is  precisely  analogous  to  that  of  chlorine.    Ob 
adding  iodine  to  a  solution  of  the  pure  alkalies  or  alkaline  earthii 
an  iodide  and  iodate  are  generated. 
Of  bromine,     615.  Bromine,  in  its  affinity  for  metallic  substances,  is  intermedi- 
ate between  chlorine  and  iodine ;  for  while  chlorine    disengaitcs 
bromine  from  its  combination  with  metals,  metallic  iodides  are  de- 
composed by  iH'oroine.     The  same  phenomena  attend  the  unioa  of 
bromine  with  metals,  as  accompany  the  formation  of  metallic  cbls- 
rides. 
Of  fluorine,      The  nature  of  the  action  of  Jluorine  upon  the   metals  is  iis- 
perfectly  known  ;  it  exerts  an  extremely  powerful  affinity  for  then, 
which  is  the  great  obstacle  to  obtaining  it  in  an  insulated  form. 
orsalphor.     816.  Sulphur  has  a  strong  tendency  to  unite  with  metals.    Tbs 
metallic  ndphurets  are  in  some  cases  formed  by  heating  the  mcial 
with  sulphur ;  in  others,  by  decomposing  the  sulphates ;  and  io  o(b- 
ers,  by  the  action  of  hydrosulphuric  acid.     The  sulphurets  sre  is 
general  brittle;  some  have  a  metallic  lustre;  others  are  withooilsi' 
tre.     Some  are  soluble,  others  insoluble  in  water. 
Action  of        817.  Most  of  the  protnsulphurets  support  an  intense  heat  witboH 
beat  oDtul- decomposition;  but,  in  general,  those  which  contain  more  than  est 
phareu.      equivalent  of  sulphur,  lose  port  of  it  when  strongly  heated.    Ther 
are  all  decomposed  without  exception  by  exposure  to  the  combiael 
agency  of  air  or  oxygen  gas  and  heat;  and  the  products  depended 
tirely  on  the  degree  of  heat  and  the  nature  of  the  metal.     The  sdios 


*  A  difference  of  opinion  exists  among^  chemials  ai  to  the  action  of  ibe  ehloridM^M 
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>r  heat  and  air  in  decomposing  metallic  sulpfaurets  ia  the  basis  of    Mtui. 
levcral  metallurgic  processes.     The  metallic  bases  of  the  alkalies 
ind  alkaline  earths  agree  with  the  common  metals  in  their  disposi- 
ion  to  unite  with  sulphur. 

818^  If  a  sulphate  be  decomposed  by  hydrogen  or  charcoal,  or  Decompoti- 
mlphur  ignited  with  an  alkali  or  alkaline  earth,  a  metallic  sulphuret  ^^^^  ^' 
•  always  the  product.     Direct  combination  between  sulphur  and  a  '     ' 

netallic  oxide  is  a  very  rare  occurrence,  nor  has  the  existence  of 
luch  a  compound  been  clearly  established.* 

819.  The  metallic  selemurets  have  a  resemblance  in  their  chemi*  Seieniarcu. 
:m\  relations  to  the  sulphurets.     They  may  be  prepared  either  by 
winging  selenium  in  contact  with  the  metals  at  a  high  temperature, 

w  by  the  action  of  hydroselenic  acid  on  metallic  solutions.! 

820.  Phosphorus  combines  with  the  greater  numberof  the  metals,  ^^^^'^ 
'orming  a  series  of  metallic  phosphurets.     There  are  three  methods  J^^  ^ 
>f  forming  them ;  either  by  heating  a  mixture  of  phosphorus  and  the 
netal,  or  projecting  phosphorus  upon  the  metal  previously  heated  to 
rwlness ;  or  by  heating  a  mixture  of  the  metal  or  its  oxide,  with 
Aosphoric  acid  and  charcoal,  or  by  passing  phosphuretted  hydrogen 

tttT  the  heated  metallic  oxide.  These  phosphurets  have  a  metallic 
ostre  ;  if  they  contain  a  difficultly  fusible  rnetal  they  are  more  fusi- 
itm  than  the  metal  they  contain ;  if  nn  easily  fusible  metal,  less  so.l 

821.  When  phosphorus  is  introduced  into  the  solutions  of  those  Onmeiallic 
netalt  which  have  but  a  feeble  attraction  for  oxygen,  it  reduces  "^  °^^°*' 
Jiem  to  the  metallic  state.     Thus  gold,  silver,  and  platinum  are 
iirown  down  by  immersing  a  stick  of  phosphorus  into  their  respec- 

ive  solutions. 

822.  Carbon  unites  to  very  few  of  the  metals,  and  df  the  metallic  Actioo  of 
^arbarets,  one  only  is  of  importance,  namely,  carburet  of  iron,  or  €"*><»» 
rtarf. 

883.  Hydrogen  forms  compounds  with  but  a  few  of  the  metals,  Of  hydro- 
irbieh  are  termed  hydrogurets  or  hydro  rets.  '^- 

824.  The  metals  may,  for  the  most  part,  be  combined  with  each  Action  oT 
9ther9  forming  a  very  important  class  of  compounds,  the  metallic  al*  metaltoii 
Esyr.     Various  processes  are  adopted  in  the  formation  of  alloys  do-  ***:    **'  *'' 
pending  upon  the  nature  of  the  metals.     Many  are  prepared  by      ^^*' 
limply  fusing  the  two  metals  in  a  covered  crucible ;  but  if  there  be  a 
roosiderable  difierence  in  their  speci6c  gravity,  the  heavier  will  sub- 
side, and  the  lower  part  of  the  bar  or  ingot  will  differ  in  composition 
ffom  the  upper  ;  this  may  be  to  a  great  extent  prevented  by  agitating 
iht  alloy  till  it  solidifies. 

Gfi5.  Where  one  of  the  metals  is  very  volatile,  it  should  be  added  of  Tolatile 
to  tlw  other  after  its  fusion  ;  and  if  both  metals  be  volatile,  they  may  meiels, 
be  sometimes  united  by  distilling  them  together. 

826.  Metals  appear  to  unite  with  one  another  in  every  proportion,  Uniop  in 
thos  there  is  no  limit  to  the  number  of  alloys  of  gold  and  copper.    It  ^^!^[^ 
is  certain,  however,  that  metals  have  a  tendency  to  combine  in  defi-  fioos.  • 

*  Sm  Tamer,  p.  370. 

t  Fbr  the  dilitrent  opinioDi  in  regard  to  thefo  compoanda  aee  Ibid,  p.  972. 

t  Phoophoras  it  tnid  to  unite  with  metallic  oxides,  as  when  phosphoret  of  lime  ia 
mU  to  ba  formed  hj  pasainir  the  Tspour  of  phoaphoraa  over  Umo  at  a  low  rad  htat  | 
htt  it  ia  probable  that  part  of  the  metallic  oxide  ia  decompoaad,  and  that  pboaphnret 
of  cakioa  aad  phoaphitte  o(  lime  are  formed.    T.  « 
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Chft|».  IV.  nite  proportions ;  for  several  atomic  compounds  of  thii  kind  occvr 

native.* 

Characters      827.  When  metals  are  alloyed  they  undergo  great  change  of  pnh 

of  alloys,     parties,  iheir  malleability  and  ductility  are  usually  imfmired,  aad 

the  colours  changed.     The  hardness  is  in  general  increased,  and  the 

elasticity  and  sonorousness  frequently  improved.     The  tpeciBc  gia* 

vity  of  an  alloy  is  rarely  the  mean  of  its  component  parts,  sometines 

greater  and  sometimes  less.!    The  fusibility  of  an  alloy  it  geneiiHT 

greater  than  that  of  its  components.  Thus  platinum,  when  alloyed  witk 

arsenic  is  very  fusible,  ana  an  alloy  of  8  parts  of  bismuth,  o  of  lead. 

and  3  of  tin  liquefies  at  812°, 

(hUdatioQ       828.  Alloys  are  generally  more  ozidizable  than  their  constitneoti, 

of  ai  oys,    ^^]^gj^  singly  ;  a  property  which  is,  perhaps,  partly  refefable  to  tks 

formation  of  an  electrical  combination.     Thus  the  oxidability  ofaoc 

is  increased  by  the  presence  of  small  quantities  of  iron. 

Action  of       S29.  The  action  of  acids  upon  alloys  may  generally  he  anticipated 

Acidi.        \^y  a  knowledge  of  their  effects  upon  the  constituent  metals ;  but  if  i 

soluble  metal  be  alloyed  with  an  insoluble  one,  the  fbrmer  it  oftsa 

{protected  by  the  latter  from  the  action  of  the  acid.  Thtis,  silver,  al* 
oyed  with  a  large  quantity  of  gold,  resists  the  action  of  nitric  wai 
in  consequence  of  the  insolubility  of  the  latter  metal  in  that  add; 
and  in  order  to  render  it  soluble,  it  should  form  about  one  fooitk 
part  of  the  alloy.    B,  i.  asa, 

830.  To  those  alloys  of  which  mercury  is  a  constitueqt  the  tem 

mnalgam  is  applied. 

Clauiflca-      831.  The  metals  may  be  divided  into  two  classes,  viz :  1,  thiM 

tioQof  met-  which  by  oxidation  yield  alkalies  or  earths,  and,  2,  those  the  ozidtt 

^^'  pf  which  are  neither  alkalies  nor  earths.     These  olasses  may  ks 

subdivided  as  follows : 
itt  order,  ^^^'  Metals  that  decompose  cold  water  at  the  moment  of  conlaeii 
combining  with  its  oxygen  and  liberating  hydrogen.  The  resnUn^ 
oxides  are  caustic,  soluble  in  water,  and  possess  alkaline  propefties. 
They  are  called  alkalies,  and  their  metallic  bases  alkaline  or  aUadh 
genoui  metals.  They  are.  Potassium,  Sodium,  Lithium, 
^  2d.  Metallic  bases  of  the  alkaline  earths.    These,  with  the  eaccp- 

'  tion  of  magnesium,  decompose  water  at  common  temperatares.  Tbtf 

are.  Barium,  Strontium,  Calcium,  Magnesium. 
3d^  3d.  Metallic  bases  of  the  pure  earths.     Aluminium^  Yttriom,  Zi^ 

conium,  Glucinium,  Thorium. 

The  second  class  includes  the  greater  number  of  the 


They  unite  with  oxygen,  generally  in  more  than  one  propoftioa 

(ew  sscif* 


Their  protoxides  have  an  earthy  appearance,  but  with 
tions  are  coloured,  and  are  insoluble  in  water.  Most  of  them 
salifiable  bases  in  uniting  with  acids,  and  forming  salts ;  but  in  tfcii 
respect  they  are  much  inferior  to  the  alkalies  and  alkaline  earths,  If 
which  they  may  be  separated  from  their  combinations.  Saveisla 
these  metals  are  capable  of  forming  with  oxygen*  componndsv  wUck 
possess  the  characters  of  acids.     They  may  1^  arranged  as  folio**  • 

*  This  view  ii  tnpported  by  late  ezperimente  of  Rudberg,  Ann,  deCk.tidt  P^ 
xlTiii.  363.    T.  a«8. 

tForalabUezhibitiogthtsiceTheQard  TVaiUdtChim.  1,394. 
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Metals  which  decompose  water  at  a  red  heat.    They  are  seven    ^'po*-"- 

mber;  namely,  SubdiYi- 

ManganoM,  Cadmhim,  Cobalt,  ''^- 

Iron,  Tin,  Nickel, 

Zioo. 

Metals  which  do  not  decompose  water  at  any  temperature,  and 

[ides  of  which  are  not  reduced  to  the  metallic  state  by  the  sole 

1  of  heat     Of  these  there  are  fourteen  in  number ;  namely, 

Ananic,  Colambium,  Titamum, 

ChromituD,  Antimoiiy,  I'eUurtuaii 

Vanadium,  Uranium,  .  Copper, 

Molybdenum,  Cerium,  Lead. 

Tuogften,  Biamuth, 

Metals,  the  oxides  of  which  are  reduced  to  the  metallic  state  by 
beat.    These  are 

Mercury,  Platinum,  Oamium, 

Silver,  Palladium,  Iridium. 

Gold,  Rhodium,  T. 


I 


Section  II.     Metallic  Bases  of  the  Alkalies. 

U  Potassium,  K.  eq.  39.15,  was  discovered  in  1807  by  Davy.'*'  Potatfliom. 
itained  it  by  submitting  caustic  potassa,  or  potash,  to  the  action 
iltaic  electricity  ;  the  metal  was  slowly  evolved  at  the  negative 

im  the  facts  which  have  become  known  respecting  the  powers  j^^  ^^^^^^ 
metrical  decomposition,  it  appeared  to  be  a  natural  inference,  ence  how 
the  same  powers  applied  m  a  state  of  the  highest  intensity,  inferrea. 
t  disunite  the  elements  of  some  bodies,  which  had  resisted  all 
instruments  of  analysis. 

3.  In  his  first  experiments,  Davy  failed  to  eflfect  the  decompo?!-  Davy's  ex-, 
ifpotassa,  owing  to  his  employing  the  alkali  in  a  state  of  aque*  perimeot».' 
olution,  and  to  the  consequent  expenditure  of  the  electrical 

ID  the  mere  decomposi'.ion  of  water. 

The  chief  difficulty  in  subjecting  potassa  to  electrical  action  .,  .i.^,,f 

it,  in  a  perfectly  dry  state,  it  is  a  complete  non-conductor  of  obuiniog 

kity.     When  rendered,  however,  in  the  least  degree  moist  by  poussium 

binp^  on  it,  it  readily  undergoes  fusion  and  decomposition,  by   y*»*<^*"<^>' 

pplication  of  strong  electrical  powers. 

tlua  parpoae,  a  piece  of  potaaia,  weighing  from  60  to  70  graini,  may  be 
I  OB  a  ioiall  insulated  plate  of  platinum,  and  may  be  connected,  in  the  way 
J  described,  with  the  opposite  end  of  a  battery,  containing  not  less  than 
■nof  aiz  inch  plates.  On  establishing  the  connexion,  the  potassa  will  ftise 
k  placts,  where  it  is  in  contact  with  the  platinum.  A  \riolent  effervescence 
•  aaea  at  the  upper  surface,  arisina  from  the  escape  of  oxygen  cas.  At 
mm  or  negative  surface,  no  gas  will  be  liberated ;  but  small  oubbles  will 
r,  AMving  a  high  metallic  lustre,  and  being  precisely  similar  in  visible  cba- 
s  to  qoiclcailver. 

una  of  these  globules  burn  with  an  explosion  and  bright  flame  ; 

» others  are  merely  tarnished,  and  are  protected  from  further 

§ft  by  a  white  film,  which  forms  on  their  surface. 

lb  production  of  metallic  globules  is  entirely  independent  of  the  P"***"**^ 


m  vacQo. 


»  PhU.  Traru.  1608. 
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Chap.  IV.   action  of  the  atmosphere ;  for  Davy  foundi  that  they  may  be  pio- 

duced  in  vacuo, 
Howpre-        835.  To  preserve  this  new  substance,  it  is  necessary  to  immene 
served.       j^  immediately  in  a  fluid  which  does  not  afford  oxygen.     If  exposed 
to  the  atmosphere  it  is  rapidly  converted  back  again  into  the  state  of 
pure  potassa. 

836.  Nothing  could  be  more  satisfactory  than  the  eTideoce  fur 
nished  by  Davy's  experiments,  of  the  nature  of  one  of  the  fixed  alb- 
lies.     We  have  the  evidence,  both  of  analysis  and  synthesis,  tint 
potassa  is  a  compound  of  oxygen  with  a  peculiar  inflammable  basii. 
^*^°*'^°'     837.  In  assigning  to  this  newly  discovered  substance  a  fit  pitce 
iTaoietaJ^  among  the  objects  of  chemistry,  Davy  was  induced  to  class  it  arooof 
'  the  metals,  because  it  agrees  with  them  in  opacity,  lustre,  malietbi- 
lity,  conducting  powers  as  to  heat  and  electricity,  and  in  its  qaalitiei 
of  chemical  combination. 

83S.  In  giving  names  to  the  alkaline  bases,  that  termination  v» 

adopted  which,  by  common  consent,  has  been  applied  to  other  newlf 

discovered  metals.     The  base  of  potassa  was  called  fotassivh,  ui 

the  base  of  soda  sodium.  ;  and  these  names  have  met  with  aniTOlHl 

acceptation. 

Other  pro.       839.  It  is  not,  however,  by  electrical  means  only  that  the  decoa- 

obtaioinff'    position  of  potassa  has  been  accomplished.     Soon  after  Davy^  dfr 

potaitium.  coveries  were  known  at  Paris,  Gay-Lussac  and  Thenard  succeeded  ii 

their  attempts  to  decompose  both  the  fixed  alkalies,  without  the  lit 

ofa  Voltaic  apparatus,  merely  by  the  intervention  of  chemical  afioh 

ties.     Their  process,  though  it  aflbrds  the  alkaline  bases  of  lea  pi* 

rity,  yields  them  in  much  larger  quantity,  than  the  electrical  analja^ 

It  consists  in  bringing  the  alkalies  into  contact  with  intensely  hem 

iron,  which,  at  this  temperature,  attracts  oxygen  more  strongly  thtt 

the  alkaline  base  retains  it. 

Caraudau's.      Potassium  may  also  be  prepared,  as  first  noticed  by  Curaudaa,llf 

'  mixing  dry  carbonate  of  potassa  with  half  its  weight  of  powdend 

charcoal,  and  exposing  the  mixture,  contained  in  a  guo-bamlor 

spheroidal  iron  bottle,  to  a  strong  heat.     An  improvement  on  bod 

processes  has  been  made  by  Brunner,  who  deconimises  potassa  hf 

means  of  iron  and  charcoal.     From  eight  ounces  oi  fused  carbooitt 

of  potassa,  six  ounces  of  iron   filings,  and  two  ounces  of  chaicoil 

mi.xed  intimately  and  healed  in  an  iron  bottle,  he  obtained!  40  gfiiv 

of  potassium.* 

Wohler's.        ^  modification  of  this  process  has  been  described  by  Wohler,  wkf 

eflccts  the  decompoiiiion  of  the  potassa  solely  by  means  of  cbaiaiL 

The  material  employed  fur  the  purpose  is  carbonate  of  potasH,  p^ 

pared  by  heating  cream  of  tartar  to  redness  in  a  covered  crucibfet 

Properties.      ^^*  Potassium  is  a  white  metal  of  great  lustre.     It  exisifi> 

small  globules,  which  possess  the  opacity,  and  general  appeanocei' 

mercury  ;  so  that  when  a  globule  of  mercury  is  placed  nearooeif 

potassium  the  eye  can  discover  no  difference  between  them.    Il** 


*  Quart.  Jour.  zr.  379.  See  also  Henry's  Oiem.  toI.  i.  Hare  ia  Amer.  Jtm.^' 
312,  and  Gale's  method  ibtd^  xxi.  60.  Very  full  practical  directiooa  art  nteain  ^Ki^ 
Eiz.qfPrQt.  Chem.  p.  221. 

t  Pog^endorfTs  AnnaleUf  iv.  23,  and  Braode'i  Jour,  zxii. 
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aotly  tarnishes  by  exposure  to  air.     It  is  ductile,  and  of  the  con-    g^cuii. 
Btency  of  soft  wax. 

Its  specific  gravity  is  0.S65.     At  150^  it  enters  into  perfect  fusion ; 
id  at  a  bright  red  heat  rises  in  vapour.     At  32^  it  is  a  hard  and 
iitle  solid.     If  heated  in  air  it  bums  with  a  brilliant  while  flame, 
is  an  excellent  conductor  of  electricity  and  of  heat. 

541  •  Its  most  prominent  chemical  property  is  its  great  affinity  fur  ProDiineDt 
rygen.     It  oxidizes  rapidly  in  the  air,  or  by  contact  with  fluids  character. 
hkh  contain  oxygen.     On  this  account  it  must  be  preserved  either 
glass  tubes  hermetically  sealed,  or  under  the  surface  of  liquids, 
which  oxygen  is  not  an  element,  such  as.naptha,  or  what  is  better 
m  essential  oil  of  copaiva. 

842.  If  heated  in  the  open  air,  it  takes  fire  and  burns  with  a  pur-  Deoompo- 
c  flame  and  great  evolution  of  heat.  It  decomposes  water  on  the  *^  ^"^^^^ 
aunt  of  touching  it,  and  so  much  heat  is  disengaged,  that  the  po- 
aaium  is  inflamed,  and  burns  vividly  while  swimming  upon  its 
irface.  The  hydrogen  unites  with  a  little  potassium  at  the  moment 
separation  ;  and  this  compound  takes  fire  as  it  escapes,  and  thus 
igments  the  brilliancy  of  the  combustion.  When  potassium  is 
UDJ^  under  water,  violent  reaction  ensues,  but  without  light,  and 
ire  hydrogen  gas  is  evolved. 

Tuke  a  tmaJ]  piece  of  potaMium,  remove  the  naptha  adheriDg  to  it  by  blotting  Utn^ 
ipmWf  and  drop  it  into  water ;  alW  the  combuation,  add  to  the  water  inflision  of 
■plo  eabbace,  which  will  become  green. 

naee  aoother  piece  upon  a  lump  of  ice,  the  lame  action  takes  place.  Exp. 

Gnpowdar  roar  be  ignited  by  placing  upon  it  a  niece  of  potaaiium  and  touch-  R^p 

ftb*  metal  witn  a  drop  of  water  on  a  rod,  or  witti  ice. 
Dtroduc«  a  piece  of  the  metal,  wrapped  up  in  paper,  quickly  into  a  teat  tube  Exp. 
wted  io  ana  full  of  water.    It  will  rite  to  the  top,  and  when  the  water  rcaclici 
tftooash  the  paper,  it  will  be  decomposed  and  hydrogen  be  found  in  the  upper 
«i  of  UM  tube,  which  may  be  inflamed  in  the  usual  way. 

A  hmII  piece  may  be  dropped  into  a  little  sulphuric  ocid,  contained  in  ajar  3  Elxp. 
'  4  iachea  in  diameter  and  about  10  or  12  inches  deep  :  potassa  is  formed  and 
Mt  and  Kght  are  at  the  same  time  evolved.    Care  must  be  taken  that  none  of 

•  acid  is  thrown  into  the  eyes. 

fm  4  yraini  of  iodine  into  a  test  tube  about  4  or  5  inches  long,  throw  a  grain  Exp. 
*polMnaiD  upon  it,  and  hold  the  sealed  end  of  the  tube  for  a  second  or  two  in 

•  §mmm  of  a  apirit  lamp.  The  iodine  and  potassium  will  rapidly  combine  with 
brUKaiit  light.  The  hand  should  be  protected  with  a  glove  as  the  tube  is  usu- 
It  broken. 

A  Hmilar  experiment  may  be  made  with  half  a  grain  of  sulphur  and  a  grain  of  Exp. 


843.  The  combining  weight  or  equivalent  of  potassium  is  easily  Equivalent. 
educed  from  the  composition  of  potassa  and  chloride  of  potassium, 
fhich  are  admitted  to  consist  of  single  equivalents  of  their  elements. 
Beraelios  analyssed  chloride  of  potassium  by  means  of  nitrate  of  oiide 
tf  tilvtr,  and  inferred  that  39.15  is  the  equivalent  of  potassium. 

Compounds  of  Potassiwn. 

844.  Protoxide  of  Potassium — Potash,  or  Potassa,  K-j-O,  R  or  protoxide 
KO,  39.16  1  eq.  potas.  -j-^  ^  ^4*  o^cy*  ^  47.15  equiv.,  is  formed  or  potassa. 
viwn  potassium  is  put  into  water,  or  exposed  to  dry  air  or  oxygen 
^;  formed  in  the  latter  way  it  is  anhydrous.      It  is  a  white  caus- 
tic solJdf  fusing  at  a  temperature  above  redness,  and  not  decomposed 
by  the  heat  of  a  wind  furnace.     It  has  a  great  affinity  for  water. 
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Chap.  IV.       845.  There  are  three  compounds,  containing  each  1  eq.  of  po- 

Proioby-     tassa  wiih  1.3  and  5  eq.  of  water  respectively*     The  ProUfkifinh 

drate,  Arc.    J3  causttc  potash,  potassa  fitsa  of  the  London  pbarmacopcBia.     It  wu 

formerly  called  lapis  causticus.     It  is  solid  at  common  temperatnm, 

is  highly  deliquescent,  and  requires  about  half  its  weight  of  water  ibr 

solution.     It  is  soluble  in  alcohol.     Its  sp.  gr.  is  1.7M.     In  sargoy 

Use.  it  is  used  as  a  caustic,  and  is  prepared  by  evaporating  the  aqoeooi 

solution  and  casting  it  in  moulds.     In  this  state  it  is  impure*    Itb 

Parified.     purified  by  solution  in  alcohol,  and  evaporation  to  the  consisleiMa  «f 

oil  in  a  vessel  of  pure  silver,  which  should  be  done  expeditioatiy  tt 

avoid  the  absorption  of  carbonic  acid.'^ 

846.  Potassa  thus  purified  is  white,  very  acrid  and  corrosiTea  nwi 
Pun  pot-  at  a  bright  red  heat  evaporates  in  the  form  of  white  acrid  smoke.  Il 
***'           quickly  absorbs  moisture  and  carbonic  acid  from  the  air.     It  is  higidy 

alkaline,  and  being  exclusively  procured  from  vegetables  was  lor 
merly  ctxWed  v€get(Sfle  alkali.  When  touched  with  moist  fingefsk 
has  a  soapy  feel,  in  consequence  of  its  action  upon  the  cuticle,  h 
Characters,  the  fused  state  it  produces  heat  when  dissolved  in  water  ;  bat  in  iti 
crystallized  state  it  excites  considerable  cold,  especially  when  mind 
with  snow.  At  a  natural  temperature  of  30^,  Lowitz  roQiid  thtf 
equal  weij^hts  of  crystallized  potassa  and  snow  depressed  the  tbe^ 
mometer  to  45**. 

847.  Potassa  may  be  distinguished  from  all  other  substaneei bf 
Poiauta  the  following  characters.  If  tartaric  acid  be  added  in  excess  tot 
tio^ish'ed.  ^^'^  ^^  potassa  dissolved  in  water,  and  the  solution  be  stirred  withi 

glass  rod,  a  white  precipitate,  the  bitartrate  of  potassa,  soon  appcm 
which  forms  peculiar  white  streaks  upon  the  glass  by  the  pressoieoT 
the  rod  in  stirring.  A  solution  of  chloride  of  platinum  causes  a  jd- 
low  precipitate,  the  double  chloride  of  platinum  and  potassium.  At 
coholic  solution  of  carbazotic  acid  throws  down  potassa  in  yellowiih 
crystals  of  carbazotatc  of  potassa,  which  is  very  sparingly   solafale. 

i*r^Br«tinB  •(      *  To  prt'pare  pure  potash,  carbonate  of  potash  may  be  dissolved  hr  ralibhiff  it  wsh 
iiur«  putuM.    four  limes  its  weight  of  wster  in  an  earthen  mortar  i  thesolatioo  is  tncn  dcnaaisit.  wi 
mixed  with  a  quantity  of  newly  slaked  hme  equal  in  weight  to  the  carbooftie  fmjiJsyri 
boilinff  it  for  a  few  minutes,  and  then  filtering.    To  aToid  absorption  of  oarlMaic  ■d' 
irom  the  air,  the  best  method  is  to  use  a  funnel,  with  a  narrow  mouth,  which  OMisi' 
sily  be  closed  by  a  cork  or  stopper,  and  putting  a  small  tul>e  throoi^h  the  ihrasi  01  At 
funnel,  placing  pieces  of  quartz  or  broken  i^lass  round  it,  and  corenng  it  with  liofS,M 
that  while  the  solution  of  potassa  is  dropping  into  the  bottle  below,  air  fiastci  IftiM^ 
the  tube  at  the  same  time  from  the  lower  to  the  upper  Tessel  and  supplies  UMptn. 
This  method,  proposed  by  Duncan  is  an  excellent  substitute  for  a  more  emmfhatd 
apparatus.     When  a  common  funnel  '19  employed,  it  should  be  covered  with  a  plMNr 
tin  tray,  and  a  towel  thrown  orerthe  whole,  (keid.)  For  anapparatui  dev^rdV D^ 
novan  for  this  purpose,  see  Turner's  EiemeniM^  p.  279.    As  part  of  the  sololiaaafir 
tas^a  adhercR  to  the  lime,  a  small  quantity  of  water  is  to  b«  poured  oq  the  lop  trvw 
remains  in  the  funnel  a(\er  it  has  ceased  to  drop;  the  water  presses  apoo  the  Kqvlfc 
jttill  contiiins,  and  causes  it  to  pass  slowly  into  tfie  receiver  below.  This  is  coatiaM^dl 
a  quantity  of  liquid  is  ol>tained  equal  to  6  or  6  times  the  weight  of  the  salt  uttplafrf' 
It  must  b**  kept  in  glass  l>ottles  with  good  stoppers. 

If  the  liquid  contains  little  carftonic  acid,  it  will  give  a  very  slivfat  prectpitali  eiik 
lime  water,  and  scarcely  any  cfferrescence  will  be  seen  with  sulpharic  arid.  lW 
potash  may  be  separated  from  the  water  by  adding  to  the  solution  an  equal  qiuliVif 
alcohol,  in  a  large  well  stopped  bottle,  and  shaking  them  together.  After  ivmkAi 
alcohol  fl<iats  alioye,  holding  the  potash  in  solution  and  is  to  be  poured  oC  AM 
the  alcoholic  solution  the  potash  is  obtained  by  rapid  evaporation  in  a  retort  whcailii 
desirable  to  save  the  alcohol,  or  in  an  evaporating  dish  when  not  to.  Or  the  htA 
potash  may  bn  dissolved  qt  once  in  alcohol  and  the  solution,  after  sUuding,  be  dfart- 
ed,  evaporated,  and  fused  as  before. 
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rhu  it  the  most  delicate  test  in  a  solution  of  pure  potassa ;  but   a^cu  ii. 
rben  the  alkali  is  combined  with  a  strong  acid,  the  chloride  of  plat-  TMt  of. 
Dom  is  preferable.'^ 

84a  Chloride  ofPoiamum,  K+Ci  or  ECl,  39.15  1  eq.  potas.  + 
IS.42  1  eq.  chlor.  =  74.57  equiv.,  is  formed  when  j;)ota88ium  bums 

0  chlorine  gas,  and  when  it  is  heatpd  in  hydrochlonc  acid  gas.  It 
a  also  the  residuum  after  the  decomposition  of  chlorate  of  potassa 
ij  heat  It  is  formed  when  potassa  is  dissolved  in  a  solution  of 
ijdrochloric  acid.  It  was  formerly  called  salt  of  Sylvius  and  regen- 
mdfd  sea  salt.  It  crystallize  in  cubes,  and  hias  a  saline  and  bitter 
aate. 

849.  hdids  of  Potassium,  E+I  or  EI,  39.15  1  e^.  potas.  +  126.3 

1  mf\.  iod.  =  165.45  equiv.,  is  formed  when  potassium  is  heated  in 
MMilact  with  iodine. 

It  WMj  be  pffipArod  by  addiiif  iodine  to  a  bot  eolation  of  pure  potun  antil  tbe  Process. 
Jkali  is  neoumiized,  eTaporating  to  dryness  and  exposiog  toe  dry  mass  in  a  plat- 
MOB  cmcible  to  a  gentle  red  beat,    liie  fUsed  msss  is  dissolTed  oat  by  water 
■d  crystallixed. 

850.  It  fuses  and  rises  in  vapour  at  a  heat  below  redness,  is  solu-  ^***'*'**' 
lie  in  two  thirds  its  weight  of  water  at  60^.    Its  solution  in  alcohol 

fields  colourless  cubic  crystals. 

It  should  be  purchased  in  crystals,  which  ought  not  to  deliquesce 
e  a  moderately  dry  air,  and  in  powder  should  be  completely  soluble 
e  tha  strongest  alcohol.t 

S61.  Hymrogen  and  Potassium  unite  in  two  proportions,  forming  ^Jl^^!^. 
a  one  case  a  solid  and  in  the  other  a  gaseous  compound.    The  lat-  siomT^ 
er  is  produced  when  hydrate  of  potassa  is  decomposed  by  iron  at  a 
iliite  lieaL    It  inflames  spontaneously  in  air  or  oxygen  ffas. 
'The  solid  hydruret  of  potassium  was  made  by  Gay^Lussac  and 
rhenardy  by  heating  potassium  in  hydrogen  gas.     It  does  not  in- 
lame  spontaneously  in  oxygen  gas.  X 

SfiS.  Sulphurets  of  Po/a«stttm.— Potassium  unites  readily  with  Solpbnreu, 
ulphar  by  the  aid  of  gentle  heat,  emitting  so  much  heat  that  the 
becomes  incandescent.    The  nature  of  the  product  depends 


♦Tomer. 

t  Tbffwtfs  ^  Pbtottuim,  K4-SO,  K  or  KO*  S9.U  1  tt[.  potas.  +  94  8  eq.  ozy.  b  T««kto. 
aift  eqaiv.,  is  fbrmsd  wben  potassium  is  bnrat  in  tbe  open  air  or  in  oxygen  ^. 
fcis  the  vsBsdne  of  tbe  decomposition  of  aiire  bybeat  in  metallic  Tessels  $  pronded 
psintaie  be  kept  np  sniBdsDtly  kmc.    Wben  water  is  added  to  it  oxygen 
with  sieiesiiniii,  and  it  passee  to  tbe  state  of  potassa  wbicb  is  dissolved.* 


1 4|f  AtoMttim,  K+Br  or  KBr..  39.1S  1  eq.  potas.  +  78.4  I  eq.  oxy.  a 
IT*    Tbhi  cemponnd  is  formsd  by  processes  similar  to  tbat  for  prspariog 
I,  and  is  analogous  to  it  in  roost  of  its  properties.    It  is  but  sligbtly 
fenleobol. 


mf  Potattkan,  K+F,  or  KF.  39.16  1  eq.  potas.  +  18.68  1  eq.  (luor.  piMvUb. 

■  ^.SSe^niY.,  is  best  formed  by  nearly  saturating  hydrofluoric  add  with  carbonate 
if  psiaMa,  evaporating  to  dryness  in  platinum,  and  ignitiog  to  expel  any  excess  of 
a  flsay  be  obcainsd  in  cubes  or  rectaoffular  four-sided  prisms,  which  deliqueece 
Tbe  solution  acts  on  glass  in  wbicn  it  is  kepi  or  evaporated. 


I  Cvfrnrif  o/*  Potoiriian  has  not  been  obtained  in  a  pure  state ;  but  it  is  thought 
part  of  tbe  residue  in  the  preparation  of  potassium  from  charcoal,  (|iage  S80). 


•  BrilHs  ef  PkHsdilphia,  has  wiifniHil  this  m  a  oooTsalsnt  mttbod  of  obtafailnf  oxyfM 
»a   aseTtonsr*!  JEtaa. 980,  and  ATjI.  JIM.  mti  Airy.  Jmt.  t.  Ml. 
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Chap  IV.  on  the  proportions  which  are  employed.  The  proCosalphatti  ti 
readily  prepared  by  decomposing  sulphate  of  potaasa  by  CBfticoai  cr 
hydrogen  gas  at  a  red  heat. 

Protosulphuret  of  Potassrum,  K-f-8  or  K$,  39.15  1  eq.  polM. 
+  16.1  1  eq.  sulp.  =  55.25  equiv.,  fuses  below  a  red  heat,  ui 
acquires  on  cooling  a  crystalline  texture.  It  has  a  red  colour,  itt 
liquesces  on  exposure  to  the  air,  and  is  soluble  in  water  and  akoU. 
It  takes  fire  when  heated  before  the  blow-pipe,  and  qaickly  aequim 
a  coating  of  sulphate  of  potassa,  whiph  stops  the  combastioD;  tat 
when  mixed  in  fine  division  with  charcoal,  it  kindles  spontaiMCNH^, 
forming  a  good  pyrophorus.'^ 

Tersulphuret  of  Potassium,  K+38  or  KS',  39.15  1  eq.  pote 
-|-  48.3  3  eq.  sulp.  =  87.45  equiv.,  is  prepared  pure  by  tranni^ 
ting  the  vapour  of  bisulphuret  of  carbon  over  carbonate  of  polm 
at  a  red  heat,  as  long  as  carbonic  acid  or  carbonic  oxide  gases  ut 
disengaged.  It  is  also  formed  when  carbonate  of  potassa  is  facsMi 
to  low  redness  with  half  its  weight  of  sulphur,  until  the  mass  Ip 
pears  in  tranquil  fusion.!     This  is  known  as  liver  of  snlphur. 

Sodium. 

Symb.  Nt     Equi9.  28.8 

^^^  853.  Sodium  discovered  by  Davy    in   1808,    is   obtained  fam 

ofaodium.  '^^^  ^Y  ^^  operation  analogous  to  that  for  procuring  potaMMB 

from  potassa.  (832.)  It  is  soft,  easily  sectile,  white  and  opaque,  ii' 

when  examined  under  a  thin  film  of  naptha  has  the  lustre  and  get 

eral  appearance  of  silver. 

854.  It  is  exceedingly  malleable,  and  much  softer  than  any  of  ik 

Properties,  common  metallic  substances.     When  pressed  upon  by  a  platina 

blade  with  a  small  force  it  spreads  into  thin  leaves ;  and  a  ghibak 

of  ^V^^  or  i^th  of  an  inch  in  diameter  is  easily  spread  over  a  8l^ 

face  of  a  quarter  of  an  inch.     This  property  is  not  diminished  bf 

cooling  it  to  32°  F.     Several  globules,  also,  may,  by  strong  PR^ 

sure,  he  forced  into  one ;  so  that  the  property  of  wtliingt  whieabf* 


*  Bisulphuret  of  Potauium,  K+2S  or  KS>.  39.16  1  ea.  potas*  +  3^9  8  ^Sk^ 
c=  TI.36  eauiv.,  is  formed  by  exposing  a  saturated  solution  in  nioohol  atmfi^ 
sulphate  of  sulphuret  of  potassium  (K&fHS),  until  a  pellide  begins  to  Sam  4* 
its  surface,  and  then  STaporating  to  dryness  without  further  ejposnie. 

t  QuadronUphuret  t^f  Potanivm,  K+4SorKS\  39. IS  1  ea.  polat.  +  SUI^ 
IS  103.66  equiT.,  is  prepared  by  transmitting  the  rapour  of  bisolpbnrat  of  CHb*^ 
sulphate  of  potassa  at  a  red  heat,  until  carbonic  add  gas  ccaaeo  to  bo  "  ' 


Q}dfitot\dpkvaret  <^f  PotoMntmit  K+6S  or  K9,  39.16  1  eq.  potaa.  + 
sulp.  =  119.66  equiT.,  is  formed  br  fnsing  carbonate  of  potassa  with  its 
of  sulphur,  the  residue  containing  sulphate  of  potasss  as  in  preparing  tbo  ' 


SMl.t 


Phoipliantt. 


atkalnau. 


These  four  last  sulphurets  are  deliquescent  in  the  air,  hsve  a  oalphuaM^w* 
and  sre  soluble  in  water ;  and  those  who  consider  them  to  decoinpoae  walsr  ■  s^ 
solring,  suppose  the  formation  of  corresponding  compounds  of  hyJiugw  n'  ^ 
phur.  ^ 

PhotphureU  of  Potosstum.^When  potassium  is  heated  in  phoophoivllsrf  M^ 
gen  ffas,  it  takes  fire,  phosphuret  of  potassium  is  formed,  and  hydrogen  set  fif>t*| 
combination  is  also  effected  by  gently  beating  phosphorus  with  pottssii^  >* 
numl)er  and  proportion  of  these  compounds  have  not  yet  been  determined.       

SdeniurtU  q/  Po/ofnum.— These  elementa  unite  when  fused  together,  f*? 
with  explosife  Tiolence,  forming  a  crystalline  fnsiblo  oompooDd  of  M  iroa-fSf  ^ 
our  and  metallic  lustre. 
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I  to  platinum  aod  iron  at  a  high  degree  of  heat  only,  ia  pos* 

*d  by  this  substance  at  common  temperatures, 
is  lighter  than  water ;  as  near  as  can  be  determined,  its  specific 
it^  is  as  0.972  to  1. 

o.  It  is  much  less  fusible  than  the  base  of  potassa.     At  120^  Fusibility. 
be|nns  to  lose  its  cohesion,  and  is  a  perfect  fluid  at  200^. 

6.  When  sodium  is  exposed  to  the  atmosphere,  it  immediately  Effect  of 
ihes,  and  by  degrees  becomes  covered  with  a  white  crust  of  «i^ 

which  deliquiates  more  slowly  than  that  formed  on  potassium, 
not  changed,  however,  by  air  that  has  been  artificially  dried. 

7.  It  combines  with  oxygen,  slowly  and  without  luminous  ap-Ofozjgcn. 
mce,  at  all  common  temperatures.     When  heated  to  its  fusing 

,  the  combination  becomes  more  rapid ;  but  no  light  is  emitted 
becomes  nearlv  red  hot.  The  flame  which  it  then  produces, 
ite,  and  it  sends  forth  bright  sparks,  exhibiting  a  very  beautiful 
•  In  common  air,  it  burns  with  a  similar  colour  to  charcoal, 
fith  much  greater  splendour. 

3.  When  thrown  on  cold  water,  it  swims,  and  is  rapidly  oxi-  Action  on 
,  though  in  general,  without  inflaming,  but  with  hot  water  it  ^^^'i 
ilhtes,  or  even  takes  fire.     If  the  sodium  is  confined  to  one 
lod  the  water  rests  on  a  non-conducting  substance,  as  charcoal, 
Mt  rises  high  enough  for  inflammation.'^     lu  each  case  soda  is 
id,  and  the  water  acquires  an  alkaline  reaction. 

I^*  Its  action  on  alcohol,  ether,  volatile  oil,  and  acids,  is  similar  ^^  ^i^qVo] 
It  of  potassium ;  but  with  nitric  acid  a  vivid  inflammation  is  ^tc  ' 

loed. 

d.  Protoxide  qf  Sodium,  Na-f-0,  Na  or  Nao,  23.3  1  eq.  sod.  Protoxide, 
1  eq.  oxy.  =  31.3  euuiv.,  commonly  called  soda,  and  by  theor>«>«) 
MUM  no/row,  is  formed  by  the  oxidation  of  sodium  in  air  and  wa- 
spoiassa  is  from  potassium.  In  its  anhydrous  state  it  is  a  gray 
.  nfficult  of  fusion,  and  very  similar  in  its  characters  to  potassa. 
water  it  forms  a  solid  hydrate,  easily  fusible  by  heat,  very 
ie«  aoluble  in  water  and  alcohol,  has  powerful  alkaline  proper- 
tod  in  all  its  chemical  relations  is  exceedingly  analogous  to  po- 
ll is  prepared  from  the  solution  of  pure  soda,  in  the  same 
or  at  the  corresponding  preparation  of  potassa.    The  solid  hy- 
it  composed  of  31.3  parts  or  one  equivalent  of  soda,  and  9 
or  1  equivalent  of  water. 

L  Soda  is  readily  distinguished  from  other  alkaline  bases  by  Diitio- 
Uowing  characters.  1.  It  yields  with  sulphuric  acid  a  stilt,  ^'^^^ 
I  by  its  taste  and  form  is  easily  recognised  as  Glauber's  salt, 
^oate  of  soda.  2.  All  its  salts  are  soluble  in  water,  and  are 
ndpitated  by  any  reagent.  3.  On  exposing  its  salts  by  means 
iliiram  wire  to  the  blow-pipe  flame,  they  communicate  to  it  a 
ftliow  colour. 

ft  Sei^uiozide  of  Sodium,  2Na+30  Na»  or  Na*03,  46.6  2  S|^«><". 

od.  -f-  24  3  eq.  oxy.  =  70.6  equiv.,  is  formed  when  sodium  is 
id  to  redness  in  an  excess  of  oxygen  gas.  It  has  an  orange 
v,  hot  neither  acid  nor  alkaline  properties,  and  is  resolved  by 
r  into  soda  and  oxygen. 

*  Dttcttel  in  Amtr,  Jevr.  xxt.  90. 
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863.  Chloride  of  Sodium,  Na+Cl  or  NaCl,  23.3  1  eq.  lod.  + 
36.42  1  ea.  chlor.  =  58.72  equiv.  Sodium,  when  heated  in  cUoriiM, 
boTDS  ana  produces  a  white  compound,  of  a  pure  aaline  flaTOor. 
It  may  also  he  formed  hy  heating  sodium  strongly  in  hydrochloric 
acid  gas ;  the  hydrogen  of  which  is  liberated,  while  die  chkmi 
combines  with  the  metal. 

864.  Or  it  may  be  formed  by  saturating  carbonate  or  bydndi  of 
soda  with  hydrochloric  acid,  and  eraporating  the  liquid,  which  yisUi 
chloride  of  sodium  in  a  solid  form.  This  chloride,  also^  is  an  abm- 
dant  product  of  nature,  being  that  well  known  substance,  com— i 
salt.  For  purposes  of  experiment,  the  common  salt  may  bs  e» 
ployed  which  is  to  be  found  in  the  shops.  This  maybe  parified«bf 
adding  to  a  solution  of  it  in  water  a  solution  of  carbonate  of  aodaiM 
long  as  any  milkiness  ensues ;  filtering  the  solution,  and  empoiatiic 
it  till  it  crystallizes. 

865.  It  crjTstallizes  in  solid  regular  cubes,  or,  by  hasty  erapMi 
tion,  in  hollow  quadrangular  pyramids,  which,  when  the  salt  ia  puib 
are  but  little  changed  by  exposure  to  the  air.  The  common  sah  of 
the  shops,  however,  being  impure,  acquires  an  increase  of  weight,  la 
consequence  of  the  absorption  of  moisture.  The  varioas  fomis  m* 
der  which  it  appears,  of  stoved  salt,  fishery  salt,  bay  salt,  &C 
from  modifications  in  the  size  and  compactness  of  tne  grain, 
than  from  any  essential  difierence  of  chemical  composition* 
mon  salt  always  contains  "small  quantities  of  sulphate  of  mi^ 
and  lime,  and  chloride  of  magnesium.  These  may  be  predpiltfri 
as  carbonates  by  boiling  a  solution  of  salt  for  a  few  minutes  wA  t 
slight  excess  of  carbonate  of  soda,  filtering  the  liquid  and  neanalii* 
ing  with  hydrochloric  acid. 

866.  It  requires  for  solution,  twice  and  a  half  its  weight  of  wakTi 
at  6(r  F.,  and  hot  water  takes  up  very  little  more.  Hence  its  lote* 
tion  crystallizes,  not  like  that  of  nitre,  by  cooling,  but  by  e?apoiatioa 
When  heated  gradually  it  fuses,  and  forms,  when  cold^  a  solid  con- 
pact  mass.  If  suddenly  heated  as  by  throwing  it  on  red-hoi  coahi  it 
decrepitates.     Its  uses  are  well  known.'^ 

867.  Protosulphuret  of  Sodium.  Na+S,  or  NaS,  23.3  1  eq.  soi 
-f-16.1  1  eq.  sulph  =  39.4  equiv.  The  protondpkuret  is  oblBiBBi 
by  processes  similar  to  those  for  protosulphuret  of  potassiaa,  H 
which  in  its  taste  and  chemical  relations  it  is  very  similar.! 


*  loduie  nf  Sodium,  Ns+I^  or  Nal,  23.8  1  eq.  iod.+ 196.8  1  eq.  iod.s*UM( 

ObUined  pura  by  proceuos  timilu  to  tbote  for  prepArinc  iodide  of — 

it  it  contained  in  ten-water,  in  many  talt  tpringt,  and  in  tne  rtaidonl ' 
(673). 

Bromide  q/  Sodium.  Na+Br,  or  NaBr,  93.3  1  eq.  tod . + 78.4  1  eq.  bitaL  s  Hi' 
eqaiY.  Tbit  oomponnd  it  very  analogoot  to  tea-talt, and  it  ataocktad  wilk it iii» 
water  and  moat  talt  eprinfft. 

Fhioride  qf  Sodium,  Na+F,  or  NaF,  93.8  1  eg.  tod. +  18.68  1  eq.  fln.v4l4i 
equiT.  Tbit  compoaod  it  formed  by  nentralizing  hydrofluoric  add  bf  Mda^a^^ 
Igniting  the  doable  fluoride  of  todioin  and  ailicoo,  wben  tbe  flooiida  m  "*' —  ^"^ 
pelled. 


*  Aoeording  to  Gmelin  of  Tubingen,  tnlpburet  of  todiam  it  the  coL^. 
otIapU  UuuR,  to  wbicb  tbe  oaknir  of  nltra-marine  it  owing;  and  he  bail 
preparing  artifldal  ultra-marfaie  by  beaiinfftulpbaret  of  tooiiim  vith  a  ~' 
dcaeid  and  alumina.    Ann.  dc  C/i  a  de  Ph.  ixim.  iQi9* 


dm^ 


Lithium.  __5|ctjiL 

Sjfmh,  L.      Bjuiv.  6Ai. 

868.  In  the  year  1818,  in  the  analysis  of  a  mineral  called  petalite,  DiiooYery. 

^rfwedson  discorered  about  three  per  cent,  of  an  alkaline  substance, 

vhich  was  at  first  supposed  to  be  soda ;  but,  the  further  prosecution 

if  his  inquiries  fully  demonstrated  that  it  possessed  peculiar  proper- 

The  minerals  called  spodumene,  and  lepidoHtCt  also  afford  the 

substance,  to  which  the  term  lUhia^  deduced  from  its  lapideous 

iriginal  has  been  applied. 

SM.  For  preparing  lithia, 

Onm  pert  of  petsKte  or  ■podomeDe,  in  fine  powder,  it  iDtinstely  miied  with  Method  of 
«ro  parti  of  floor  epar,  and  the  mixture  ii  heated  with  three  or  four  timei  iti  obtaining 
mint  of  gulphuhc  acid,  as  lonm  at  anj  acid  Tapoon  are  diaen^aged.  The  siiicic  Uthia. 
hmT of  the  mineral  is  attacked  by  hydrofluoric  acid,  and  is  dissipated  in  the  fbrm 
rf  inosilieic  acid  gas,  while  the  alumina  and  lithia  anite  with  sulphuric  acid. 
Mlv  diasolTing  these  salts  in  water,  the  solution  is  boiled  with  pure  ammonia  to 
pscipitate  the  alumina,  filtered,  evaporated  to  dryness  and  then  heated  to  red- 
Mssto  expel  the  sulphate  of  anunonia.    The  residue  is  solphate  of  lithia.* 
r.886. 

870.  When  lithia  is  submitted  to  the  action  of  the  Voltaic  pile,  it  Action  of 
m  decomposed  with  the  same  phenomena  as  potassa  and  soda ;  a  S^^^Bism. 
hrilliatnt  white  and  highly  combustible  metallic  substance  is  separat- 

idt  which  is  tithmm. 

871.  IdMa.    L+0,  L,  or  LO,  6.44  1  eq.  lith.  +  8  1  eq.  oxy.  =  Disij^ 
ICM  equir.    Lithia  is  allied  to  potassa  and  soda,  but  distinguished  ^|^  p^^^,^ 
br  its  greater  jieutralizing  power,  by  its  salts  tinging  the  flame  of  the  sa,4cc. 
blow-pipe  of  a  red  colour.     It  attacks  platinum  when  fused  upon  it, 
l«ft¥ing  a  dull  yellow  trace.     It  is  distinguished  from  baryta,  strontia 

snd  lime  by  forming  soluble  salts  with  sulphuric  and  oxalic  acids.t 


SicTioH  III.    Metallic  Baus  of  the  Alkatvne  Earths. 

87S.  Antttm,  Ba.  ea.  68.7,  was  discorered  by  Dary,  in  1808,  by  Barium } 
ina  of  galTanism.  He  placed  a  globule  of  mercury  in  a  hollow  <>>*^^^- 
in  a  paste  of  carbonate  of  baryts,  on  a  platinum  tray  commu- 
nicatiiig  with  the  positive  pole  of  a  battery  of  100  double  plates, 
whik  the  negative  wire  was  in  contact  with  the  mercury.  The 
buyta  was  decomposed,  and  its  barium  combined  with  mercury. 
Aa  amalgam  was  obtained,  from  which  the  mercury  was  separated 
liy  heal  in  a  ressel  free  from  air,  and  barium  was  lef\  in  a  pure  form. 

S73i  It  is  a  dark  gray  colored  metal,  with  a  lustre  inferior  to  that  Propctties. 


*  9br  elhtr  methods  see  Henry's  Gft^miiCry,  1. 672. 

t  Fsr  •■  asalysis  of  Kthioa  micas  and  the  dtstinanishin^  properties  of  lithia,  see 
ipers,  JSifin.  Jour.  iii.  137,  SSl,  die. ;  and  for  BeneHos'  method  of  disoo- 


^mma  mm  m  anv  solotioa,  see  £dm.  PhilM,  Jour,  it.  128. 
Oflbrt*  nfLUhmm.    L+CL,  or  LCI,  6.44  1  eq.  lith.  +  36.42  1  eq.  ehlo.  s=  41.86 

ilf  Utkhm.    L+F,  or  LF^  i.44  1  cq.  Ulh.  + 18.66  1  eq.  flu.  s  26.  IS  cquv 
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Chap.  IV.  of  cast-iron.     It  is  far  denser  than  water  and  sinks  in  sulphuric  acid. 
It  greedily  absorbs  oxygen  and  is  converted  into  baryta. 

874.  Protoxide  of  Banum,  Ba+0,  Ba,  or  BaO,  6a7  1  ea.  bu. 
+  8  1  eq.  oxy.  =  76.7  equiv.,  Barpes,  or  Baryta,  so  called  frn 
the  great  density  of  its  compounds,  (from  |?a^ff,  heavy*)  was  dii» 
vered  in  the  year  1744  by  Scheele.  It  is  the  sole  production  of  tht 
oxidation  of  barium  in  air  and  water.  It  is  obtained  by  exposing  thi 
crystals  of  nitrate  of  baryta  for  some  time  to  a  bright  red  heat  b 
may  also  be  obtained  by  decomposing  the  native  carbonate  qfiarffU, 

Lot  this  bo  powdered,  and  paased  through  a  fine  sieve.  Work  it  ap  whk  ikttL 
an  equal  bulk  of  wheaten  flour  or  tar  into  a  ball,  adding  a  tafficient  qoaatilf  cf 
water.  Fill  a  crucible  of  pro]>or  size,  about  one  third  its  heighu  with  powdml 
charcoal ;  placo  the  ball  on  this ;  and  surround  and  cover  it  with  the  mubm  mv> 
der,  so  as  to  prevent  its  coming  into  contact  with  the  sides  of  the  crucible.  Lm 
on  a  cover ;  and  expose  it,  for  two  hours,  to  the  most  violent  heat  that  en  b 
raised  in  a  wind  furnace.  Let  the  ball  be  removed  when  cold.  On  the  addiliai 
of  water,  it  will  evolve  great  heat,  and  the  barvta  will  be  diiiolved.  The  ft 
tered  solution,  on  cooling,  will  shoot  into  beautinil  crystals.* 

875.  Baryta  is  of  a  gray  colour,  and  very  difficult  of  fiuion.  •  Ili 
sp.  gr.  is  about  4,  being  the  heaviest  of  the  substances  usually  caDai 
earths.  It  eagerly  absorbs  water,  and  slakes  like  lime.  A  whili 
hydrate  is  formed,  composed  of  76.7  parts,  1  eq.  of  baryta,  and  9 
parts  or  1  eq.  of  water. 

876.  Hydrate  of  baryta  dissolves  in  three  times  its  weight  of  boit 
ing  water,  and  in  twenty  parts  of  water  at  the  temperature  of  60*  F-t 
A  saturated  solution  of  baryta  in  boiling  water  deposits,  in  cooliiii^ 
transparent,  flattened  prismatic  crystals,  which  are  composed  of  76i7 
parts  or  one  equivalent  of  baryta,  and  90  parts  or  10  equivalents  «f 
water. 

The  aqueous  solution  of  baryta  is  an  excellent  test  of  the  preseoce 
of  carbonic  acid  in  tHe  atmosphere  or  in  other  gaseous  miilarei 
The  carbonic  acid  unites  with  the  baryta,  and  a  white  insoluble  pre* 
cipitatc,  carbonate  of  baryta,  subsides. 

Let  a  solution  of  pure  baryta  be  exposed  to  the  atmosphere.  It  will  eooa  hi 
covered  with  a  thin  white  pellicle ;  which,  when  broken,  will  fall  to  the  boQOB 
of  the  vessel,  and  bo  succeeded  by  another.  This  may  be  continued,  till  lb 
whole  of  the  baryta  is  separated.  The  effect  arises  from  the  abaorptioii  of  or 
bonic  acid,  which  is  always  diffused  through  the  atmosphere,  and  which  hntt 
with  baryta,  a  substance,  viz.  carbonate  of  baryta,  much  less  soluble  thu  lb 
pure  earth. 

Or  if  the  air  from  the  lungs  be  blown,  by  means  of  a  quill,  or  tube,  ihiemki 
solution  of  baryta,  the  solution  will  immediately  become  milky,  in  cooaeqo«ei 
of  the  production  of  an  insoluble  carbonate.  The  same  effect  will  be  prodeei' 
by  mingling  with  a  solution  of  pure  baryta,  a  little  water,  impregnated  with  ctf* 
bonic  acid. 

877.  Baryta  has  so  strong  an  affinity  for  carbonic  acid  at  efenli 
take  it  from  other  bodies. 

If  to  a  solution  of  a  small  portion  of  carbonate  of  potassa,  of  soda,  or  ti  MM*' 
nia  wo  add  the  solution  of  baryta,  the  earth  will  detach  the  carbonic  ecadfii* 
the  alkali,  and  will  fall  down  in  the  state  of  a  carbonate.  By  adding  a  mBdia 
quantity  of  a  solution  of  baryta  in  hot  water,  the  whole  of  the  carbonic  &ad  wtf 
thus  be  removed  from  a  carbonated  alkali.    U.  1. 578. 

Alkaline         87S.  As  baryta,  like   the    alkalies,  converts  vegetable  Uoet  * 
properties,  gfeen,  and  serves  as  an  intermedium  between  oil  and  water,  it^ 


Affinity  lor 

carbonic 

acid, 


Exp. 


Takes  it 
from  other 
bodies. 

Exp. 


*  Fiu  othn  fnoe§9M  9e%  SulphaU  and  NUnUe  qf  Baryta,  tDafy- 
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ailed  an  alkaUne  earth.    It  has' a  reiy  acrid,  caastic  taste, and  JjMtnL 

ily  poisonous.     It  exists  in  two  natural  combinations  only,  viz. 

pnate  and  carbonate. 

.  Peroxide  of  Barium.    Ba+20,  or  BaO"-f6Aq,  6a7  1  eq.  peroxid*. 

-  16  2  eq.  oxy.  =  84.7  equiv.     When  dry  oxygen  gas  is  con- 

I  over  pure  baryta  at  a  low  red  heat  this  oxide  is  formed.    It 

iloyed  in  prepanng  peroxide  of  hydrogen,  page  134.  An  easier  p^^ 

s  is  to  heat  pure  baryta  to  low  redness  in  a  platinum  cruci-  '' 

ad  then  gradually  to  add  chlorate  of  potassa  in  the  ratio  of 

one  part  of  the  latter  to  four  of  the  former. 

•  The  oxygen  of  the  chlorate  goes  over  to  the  baryta,  and  rpii^grr. 

ie  of  potassium  is  generated.    Cold  water  remores  the  chlo- 

nd  the  peroxide  of  barium  is  left  as  a  hydrate  with  6  eq.  of 

.  Chloride  of  Barium.  Ba+Cl,  or  BaCl,  68.7  1  eq.  bar.  + 
1  eq.  chlor.  =  104.12.  Chloride  cf  Barium  may  be  obtaineid  Chloride, 
itinc^  baryta  in  chlorine,  in  which  case  oxygen  is  evolved  :  or, 
BtsiTy,  by  dissolving  carbonate  of  baryta  m  diluted  hydrochlo- 
d.  When  filtered  and  evaporated,  the  solution  yields  regular 
b,  which  have  most  commonly  the  shape  of  flat  four  sided  ta- 
^ery  like  those  of  heavy  spar.  They  contain  104.12  or  1  eq. 
>ride  of  barium  and  18  parts  or  2  eq.  of  water ;  formula  BaCl 
I  100  parts  of  water  dissolve  43.5  at  OO"*,  and  78  at  222'' 
is  the  lx>iling  point  of  the  solution.* 

«  Protosulphuret  of  Barium^  Ba-f-S  or  Bas,  68.7  1  eq.  bar.  saiphurtt. 
.1  1  eq.  sulp.  =  84.8  equiv.,  is  formed  when  dry  hydrosul- 
t  acid  gas  is  passed  over  pure  baryta  at  a  red  heat,  and  by 
tion  of  hydrogen  gas  or  charcoal  on  sulphate  of  baryta  (818.) 
I  very  soluble  in  hot  water,  and  the  solution  supplies  a  ready 
of  obtaining  pure  baryta  and  its  salts,  when  the  carbonate  can-  ^"^<^- 
I  obtained.  Thus  its  solution,  bailed  with  black  oxide  of  cop- 
itil  it  ceases  to  precipitate  a  salt  of  lead  black,  yields  pure  bary- 
lich  should  be  filtered  while  hot  to  separate  the  suiphuret  of 
r :  it  is  apt  to  retain  traces  of  oxide  of  copper.  With  a  solu- 
r  carbonate  of  potassa,  carbonate  of  baryta  falls,  and  suiphuret 
lisiuro  remains  in  solution  ;  and  with  hydrochloric  acid  it  in- 
nges  elements,  by  which  hydrosulphuric  acid  and  chloride  of 
a  are  formed.    T. 

Strontium. 

Symb.  Sr    £9109.4^.8 

l  Thin  metal  was  discovered  by  Davy  in  Urontia^  by  the  same  Diseovtnr. 
m  as  barium,  which  it  resembles. 

I    Protoxide  of    Strontium,   Sr+0,  Sr,  or  SrO,  43.8  1  eq.  Stroaiii. 
+  8  1  eq.  oxy.  =61.8  equiv.,  or  the  earth  Strontia,  is  so 

idf  qf  Banurn.    Ba+I,  or  Bal,  %8.7  V  eq.  bar.  -f  136.3  1  eq.  iod.  =  196  equir.  lodid*. 
tide  nf  Barium.    Ba+Br,  or  BaBr,  68.7  1  eq.  bar.  +  78.4  1  eq.  brom.  s 

HdM  qf  BanvM.    Ba+F,  or  BaF,  68.7  1  eq.  bar.  -^  18.68  1  eq.  fla.  s  87.3S 
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Q»p-iV'  called  from  Strontian  in  Scotland,  wheie  it  was  first  diseoTsnd  is 
combination  with  carbonic  acid. 


Howob- 
taliMd. 


Compoti- 

tiOD. 


Prop6itiMi 


Salu. 


Chloride. 


Howob* 


It  may  be  prepared  either  bj  lubjecting  the  carbonate  to  a  alioiighMiiit 
crucible,  or  by  igniting  the  nitrate  in  a  porcelain  retort  or  other  cloao  venaL  A 
gray  substance  remains  which  becomes  very  hot  on  the  affiiaioii  of  water ;  mk 
when  more  water  is  added  and  heat  applied,  a  considerabla  |iiopoilioa  of  As 
earth  is  dissolved.  On  cooling,  the  solution  deposits  regular  erjitala;  IhI  Ai 
shape  of  these  difTers  considerably  from  that  or  barytic  ciystale. 

The  crystals  of  strontia  are  thin  quadrangalar  plates. 

885.  The  hydrate  consists  of  51.8  parts  or  1  eq.  of  aiioiitia,  sal 
9  parts  or  1  eq.  water.  The  crystals  contain  10  eq.  water  aiid  1 
strontia.    It  requires  50  times  its  weight  of  water  for  solutioo. 

886.  Pure  strontia  has  a  pungent,  acrid  taste*  and  when  powfa* 
ed  in  a  mortar,  the  dust  that  rises  irritates  the  lungs,  and  nosuik 
Its  specific  gravity  approaches  that  of  baryta. 

887.  The  salts  of  strontia  are  best  prepared  from  the  nadie  at 
bonate.  Like  those  of  baryta,  they  are  precipitated  by  alkaliM  6» 
bonates,  and  by  sulphuric  acid  or  soluble  sulphates.  Bat  miplMli 
of  strontia  is  less  insoluble  than  sulphate  of  baryta :  on  addiof  ■!* 
phate  of  soda  in  excess  to  a  barytic  solution,  baryta  cannot  aA» 
wards  be  found  in  the  liquid  bv  any  precipitant ;  but  when  tinwlii 
is  thus  treated,  so  much  sulphate  of  strontia  remains  in  ■oiate 
that  the  filtered  liquid  yields  a  white  precipitate  with  carbeoale  d 
soda.  The  salts  of  strontia  are  not  poisonous  ;  and  most  of  ibm, 
when  heated  on  platinum  wire  before  the  blow-pipe»  commnnkHi 
to  the  flame  a  red  tint.* 

888.  Chloride  of  Strontium,  Sr+Cl,  or  SrCl,  43.8  1  eq.  ab» 
•-|-  35.42  1  eq.  chlor.  :^^  79.22  equiv.  This  compound  is  fonntd  kf 
processes  similar  to  those  for  preparing  chloride  of  bariom,  and  aft 
tallizes  in  colourless  prismatic  crystals,  which  deliquesce  in  a 
atmosphere,  require  only  twice  their  weight  of  water  at  S(f  far 
lution,  and  still  less  of  boiling  water,  and  are  soluble  in 
The  alcoholic  solution,  when  set  on  fire,  bums  with  a  red 
These  characters  afford  a  certain  mode  of  distinguiahing 
from  baryta.  The  crystals  consist  of  79.22  parts  or  1  eq.  of  ekioriit 
of  strontium,  and  81  parts  or  9  eq.  of  water,  which  are  ezpdied  hf 
heat.  The  anhydrous  chloride  fuses  at  a  red  heat,  and  yieldi  a 
white  crystalline  brittle  mass  on  cooling.t 

Calcium, 

Sifmb,  Ca     Eq.  20J 

889.  When  lime  is  electrized  negatively  in  contact  with  meicnf* 


isiMd-       an  amalgam  is  obtained,  which,  by  distillation,  afibrds  a 


Pwrozkh. 


l«did« 


*  Peroxide  ofStrmUium,  Sr+20  or  SrO^.  43.8  1  ea.  stnm.  +  IS  a  e^.  osf  «IM 
eqair.,  it  prepared  in  ihe  same  way  as  perezide  ef  oarium.  and  like  it.  is  f 
by  dilate  acids  into  strontia  and  oxygen,  the  latter  of  which  forms  pennias  sf 
fen  with  the  water. 

t  Mide  of  Sirontium,  Srfl,  or  Sri,  48.8  1  eq.  stron.  4  1SS.S  1  eq.  ied.«  H^ 
eqaiT.,  may  tie  prepared  in  the  same  manner  as  that  of  barium,  it  is  vwy  ssUh  * 
water. 

fluoride  qf  Stroniium  and  ProionJphurd  qf  StrontUtm^  Sr+P  or  ftF,  411  ^f 
stron.  +  18.6S  I  eq.  floor.  =  6S.4tf  equir.  and  SrfS or  i»,  4S.S  1  cq.  mm,'¥»* 
I  eq.  snip.  =  69.9  equif .  are  obtained  like  those  of  faaiinm. 


Lime  WaUr.  S41 

IS  been  called  calcium,  and  when  exposed  to  air,  and  gently  gjtu  in. 
burns  and  produces  the  oxide  of  calcium  or  Ume. 

^rotoxide  of  Calcium,  Ca+O,  Ca,  or  CaO,  20.6  1  eq.  calc.  ^^^^^Jj^J* 
)xy.  =  28.6  equiv.     This  compound,  commonly  known  by  55,2      " 

of  lime  and  quicklime,  is  obtained  by  exposing  carbonate 
»  a  strong  red  heat,  so  as  to  expel  its  carbonic  acid.  If  lime 
>urity  is  reouired,  it  should  be  prepared  from  pure  carbonate 
luch  as  Iceland  spar  or  Carrara  marble.  Its  colour  is  gray, 
1  and  caustic  ;  its  sp.  gr.  is  about  2.3. 
t  is  Tery  difficult  of  fusion,  but  remarkably  promotes  the  Futibility. 

most  other  earthy  bodies,  and  is  therefore  used  in  several 
^c  processes  as  a  cheap  and  powerful  flux.    When  quite 
in  only  be  fused  in  very  minute  particles  by  the  oxy-hydro- 
-pipe,  or  by  the  Voltaic  flame.  It  is  an  essential  ingredient  in 
and  other  cements  used  in  building.     Exposed  to  air  it    "^^ 
white  by  the  absorption  of  water  and  a  little  carbonic  acid, 
t  hos  a  powerful  affinity  for  water.     When  a  small  quantity 
is  poured  upon  lime,  there  is  a  great  rise  of  temperature  a  a   *» 
from  the  solidification  of  a  portion  of  the   water,  and  a    ^  '^  * 
6?der  is  obtained,  called  slaked  lime,  which  is  a  hydrate,  and 

0  consist  of  one  eq.  water  =  9-|*one  eq.  lime  3=28.6. 

care  is  necessary  in  its  preparation,  lest  more  water  should 
,  than  is  essential  to  its  constitution.  It  affords  a  very  con- 
form of  keeping  lime,  for  occasional  use  in  a  laboratory  ; 
lydrate  may  safely  be  preserved  in  glass  bottles,  which  are 
instantly  broken  by  the  earth,  if  enclosed  in  its  perfectly 
• 

The  degree  of  heat  produced  by  the  combination   of  lime  Hett. 
er,  is  supposed  by  Dalton  to  be  not  less  than  800^,  and  is 
to  set  fire  to  some  inflammable  bodies. 

large  lump  of  well  burned  quicklime  on  an  iron  diah  and  add  Exp. 
Uitity  of  water,  a  piece  of  pboaphoma  reating  on  it  will  be  ignited. 

a  large  quantity  of  lime  is  suddenly  slaked  in  a  dark  place. 

It,  according  to  Pelletier,  is  sometimes  evolved. 

KThen  a  sufficient  quantity  of  water  has  been  added  to  re-  Milk  of 

9  into  a  thin  liquid,  this  is  called  milk  or  cream  of  lime.  ^^"^* 

ddition  of  more  water  the  solution  known  as  limt  VHtfer  Water  of, 

kl.     When  sufficiently  cool  it  should  be  poured  into  a  well 

N>ttle  until  the  undissolved  parts  have  sul»ided,  and  be  then 

and  kept  from  the  air.. 

is  very  sparingly  soluble  in  water,  viz.  in  the  proportion  of 

o778.* 

lime-water  is  limpid  and  colourless;  its  taste  is  nauseous,  ^^'*"** 

1  alkaline,  and  it  converts  vegetable  blues  to  green.     When  water. 
o  the  air,  a  pellicle  of  carbonate  of  lime  forms  upon  its  sur- 

ch,  if  broken,  is  succeeded  by  others,  until  the  whole  of  the 


lag  10  Thomson  l  to  758.  The  ezperimenis  of  Dalton  tend  to  ettahlish  a 
t  mpectiog  the  solubility  of  lime,  Tiz.  that  it  disaolves  more  plentifully 
1  in  not  water ;  he  Tound  that  at  60®  F.  rrs  ^nin%  of  water  dissolre  1  grain 
1  at  S13^,  1270  eraios  were  required.  He  further  infers  that  at  ibe  freciing 
r  woald  nrolmbiy  take  op  nearly  twice  as  much  lime  aa  la  diaaolved  by 
•r— tbis  naa  been  oonfirmtd  by  Pbiliips.— ^nji.  Pkiiot.  N.  8.  k.  lOT. 
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S42  MeUds— Calcium. 

Ch>p-'v*  lime  is  thus  separated  in  the  form  of  an  insoluble  carbonate.    It  ii 
used  in  medicine  as  an  antacid,  and  is  a  good  test  of  the  pmem 
***'         of  carbonic  acid  gas. 

«  Into  transparent  lime  water  jMtM  carbonic  acid,  or  breathe  into  it  bj  ibmm  if 

'^*  a  fflaM  tube,  it  will  become  milky  and  opaque  from  the  formation  of  caibaMfe 

of  lime.    If  an  excess  of  carbonic  acid  is  added  the  carbonate  ia  disMlrad  mi 
transparency  restored. 

Test  of.  3^6*  '^^^  ")ost  delicate  test  of  the  presence  of  lime  is  oxalate  i 

ammonia  or  potassa ;  for  of  all  the  salts  of  lime,  the  oxalate  is  tb 

most  insoluble  in  water.     This  serves  to  distinguish  lime  from 

substances,  though  not  from  baryta  and  strontia  ;  because  the 

lates  of  baryta  and  strontia,  especially  the  latter,  are  likewise  Wftt 

ingly  soluble.* 

Chloride  of     8^7,  Chloride  of  Calcium,  Ca+Cl,  or  CaCl,  20S  1  eq.  cak.  + 

calciom.     35.42  I  eq.  chlor.  =  55.92  equiv.,  is  produced  by  heating  lime  ii 

chlorine,  in  which  case  oxygen  is  evolved ;  or  by  evaporating  h^fin^ 

chlorate  of  lime  to  dryness,  and  exposing  the  dry  mass  to  a  nd  koK 

in  close  vessels.     In  this  case  the  hydrochbric  acid  is  decomponl; 

its  hydrogen  uniting  with  the  oxygen  of  the  lime,  escapes  ia  lb 

state  of  water ;  and  the  chlorine  unites  with  the  calcium. 

Comnosi-       ^^'  '^^^^  compound  has  a  strong  attraction  for  water ;  h  41* 

tiun  and'    quesces  when  exposed  to  the  air,  and  becomes  what  used  to  be  ol- 

propsrties.  led  oil  of  lime.    It  is  difficultly  crystallizable  from  its  aqueous  soh" 

tion ;  with  care*  however,  it  may  be  obtained  in  irregular  priaai. 

consisting  of  55.92  parts  or  1  eq.  of  chloride  of  calcium,  and  M 

parts  or  6  eq.  water.     Its  taste  is  bitter  and  acrid  ;  one  part  of  wskr 

at  60^  dissolves  four  parts  of  the  chloride.    Its  solubility,  howeicri 

is  greatly  influenced  bv  temperature.     It  is  copiously  soluble  iait 

cohol,  and  much  heat  is  evolved  during  the  solution.     When  fui 

it  acquires  a  phosphorescent  property  as  was  first  observed  by  Bbb* 

Homberg*s  berg*  and  is  hence  termed  Homberg's  phosphorus.    It  is  abundsfldf 

pl^pho-    produced  in  the  manufacture  of  carbonate  of  ammonia,  from  1st 

decomposition  of  hydrochlorate  of  ammonia  by  lime. 
U  899.  It  is  used  for  frigorific  mixtures  with  snow,  and  for  this  psr 

pose  the  hydrous  chloride  is  preferable,  prepared  by  evapoiatiiff  i^ 
solution  so  far  that  the  whole  becomes  a  solid  mass  on  removal  ma 
the  lire.  It  should  be  kept  in  bottles  well  secured  from  the  air.  ^ 
In  its  fused  state  this  compound  is  very  useful  for  drying  ceittf 
gaseous  bodies,  but  where  the  quantity  of  the  gas  is  to  be  asceitu^ 
ed,  its  powers  of  absorption  in  certain  cases  must  not  be  overbshi 
Pelletier  has  stated,  that  if  carbonic  acid  be  passed  throng  a  mI^ 
tion  of  hydrochlorate  of  lime,  the  whole  becomes  a  hard  solid  ofl^ 
If  sulphuric  acid  be  poured  into  a  strong  solution  of  hydrochkialitf 
lime,  the  whole  congeals  into  a  solid  mass  of  sulphate  of  lims  (H} 


add 


*  All  these  oxalates  dissoWe  resdily  in  water  addalated  with  Ditiie  or  fcfJwdij^ 
__id.  It  it  distinguished  from  baryta  and  strontia  by  the  lact,  that  ntials  if  I* 
]rields  prismatic  crystals  bv  eTaporation,  is  deliquescent  in  a  high degiM^ f'S 
soluble  in  alcohol }  while  the  nitrates  of  baryta  and  strontia  crystalliai  n  ^^ 
octohedrons  or  segments  of  the  octohedron,  undergo  no  change  on  expoiaiv  l»^* 
except  when  it  is  very  moist,  and  do  not  dissolve  in  pure  alcohol.    T. 

Penunde  qf  Caidvm.  Ca-f90,  or  CaO>,  20.S  1  eq.  calc.  + 16  S eq- MT**!? 
cqoiv.  It  is  prepared  in  the  same  way  as  peroxide  of  bariinn,  and  is  siiuar  •  * 
properties. 


Bhaehing  Pmtiw.  S4S 

absorbs  large  quantities  of  ammoniacal  gas,  during  which    atet>iit. 
cracks,  and  at  last  crumbles  down  into  a  white  powder.  Absorbs 
r  it  forms  a  strong  alkaline  solution.     Heated  it  gives  off  ^o^o^^"^ 
md  the  chloride  remains.     Immersed  in  chlorine,  the  am- 
'ns  off  with  a  pale  yellow  flame.     Twenty  grains  of  the 
furnish,  when  heated,  about  20  cubic  inches  of  ammonia ; 
vailed  himself  of  it  for  the  liquefaction  of  ammonia.'^ 
le  chloride  of  lime  is  abufidantly  employed  as  a  bleaching  g.     . . 
nd  known  by  the  name  of  bleaehing  powder  ;  it  is  manu-  powdsr."* 
y  passing  chlorine  into  leaden  chambers  containing  hy- 
ae  in  fine  powder,  by  which  the  gna  is  copiously  absorbed 
tion  of  heat.     When  heated  it  gives  off  a  large  quantity  of 
d  a  chloride  of  calcium  results,  showing  the  superior  at- 
calcium  for  chlorine  compared  to  oxygen,  the  latter  being 
om  the  lime. 

iposition  of  bleaching  powder  has  been  variously  stated.  Composi- 
iSiders  it  as  a  hydrated  subchloride  of  lime,  containing  two  ^^* 
I  of  lime  and  one  of  chlorine  ;t  and  the  same  opinion  is 
r  Thomson.t  and  by  Welter.^  According  to  Urell  the 
f  chlorine  absorbed  is  variable.  That  manufactured  at 
I  stated  by  Thomson  to  be  a  compound  of  one  atom  of  ch lo- 
ne of  lime.lT 

•  Jour.  Roy.  Irui.  t.  74.    iAnn,  qf  PhUo§,  i.  IS  and  ii.  6.    t  Jb.  it.  401 . 

yarn,  et  Phyt.  rii.  383.  fl  Qfuai,  Jour.  zUi.  21. 

line  of  chloride  of  lime  depends  on  the  quantity  of  chlorine  which  it  con- 
this  varies  considerably,  sereral  methods  fat  ascertaininir  its  stren^h 
>posed.  One  consists  m  adding  a  given  quantity  of  the  diluted  soluuoa 
H  indigo  in  sulphuric  acid  of  a  known  strength  }*  the  strength  of  the 
I  indicated  by  the  quantity  of  the  solution  whicn  it  can  decolonze.  Mo- 
ked  a  solution  of  the  hydrochlorate  of  manganese  as  a  substitute  for  this, 
v  accurate  indications,  the  lime  combining  with  the  hydrochloric  acid, 
ting  the  brown  oxide  of  manganese,  while  the  chlorine  is  disengaged  ; 
if  the  hydrochlorate  decompdoed  corresponding  with  the  chlorine  set  at 
lias  also  been  proposed  to  ascertain  the  quantity  of  chlorine  by  observing 
of  nitrogen  gas  which  is  disengaeed  when  it  is  made  into  a  paste  or 
vater  and  mixed  with  fragments  of  hydrochlorate  of  ammonia ;  the  lime 
Ih  the  hydrochloric  acid  and  forming  hydrochlorate  of  lime,  while  the 
IS  hydrosen  from  the  ammonia  and  disengages  nitrogen  (420). 
mt  for  the  speedy  analjrsis  of  this  snlistance  has  been  described  by  Ure.t 
a  glass  tube,  (Fig.  178,)  of  altout  five  cubic  inches  capa-  pjg  n% 
id  into  cubic  inches  and  tenths.    It  is  closed  at  top  with  a      c^gg  ^^**  n«tbad 

ap,  and  at  its  recurved  end  below,  with  a  good  cork.  Poor     I  ^  |  "^  >B»ira«> 

Um  upper  orifice,  ull  the  tube  be  nearly  full,  leaving 
to  insert  ten  grains  of  the  bleaching  powder,  made  into  a 
ith  a  drop  of  water.  Screw  in  the  cap-plug  rendered  air- 
ier. Remove  now  the  cnrk  from  the  lower  end,  (also  full 
and  replace  a  little  of  the  liquid  metal  by  dilute  hydro- 

S.  gr.  i.l).    By  dexterous  inclination  of  the  instrument, 
e  to  flow  up  through  the  mercury.    Instantly  on  its  co- 
ld with  the  pellet,  the  chlorine  is  disengaged,  tne  mercury 

•  a  basin  ready  to  receive  it,  while  the  resulting  film  of 
I  of  lime  protects  the  surface  of  the  metal  almost  coro- 
ihegas. 

ipstrament  may  be  employed  for  ascertaining  the  quantity 
»d  in  limestone,  &c.S 

;  a  cubic  inch  of  chlorine  in  round  numbers,  at  I  of  a  grain,  we  may  expect 
bleaching  powder  to  yield  from  8  to  4  cubic  inches  of  that  gas,  or  by 
SO  to  30  per  cent.    Ure. 


Mky  of  Indiffo  varies,  this  tttt  saonot  be  raUsd  upon.    Sm  Jtrntr.  Jmtr,  xvU.  ITS. 
liul  vi.    X  Mwr.  JUf,  luL  xiU.  91.     ^Ste  Ura^s  Ohssi  {Net  article 
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MetaU —  Calcium. 


Floor  ipar. 


ProtMui' 
phoret. 


Ohap-iv-  902.  Fluoride  of  Cdcium^Fluor  Spar.  Ca+F,  or  CaF,  20i 
1  eq.  cal.  -|-  18-^  1  eq.  flu.  =  39.18  equiv.  Flaor  spar  is  t 
mineral  found  in  many  parts  of  the  world,  but  in  great  betatj 
and  abundance  in  England,  and  especially  in  Derbyshire.  Ben 
it  is  commonly  called  Derbyshire  spar^  or  by  the  mioeTB  of  thil 
county  blue  John.*  It  is  usually  found  in  cubic  crystals,  whkk 
may  easily  be  cleaved  into  octobedra,  sometimes  considered  u  iu 
primitive  form.  Its  colours  are  extremely  various.  Its  spedfie 
gravity  is  3.15.  It  is  perfectly  tasteless  and  insoluble  ia 
When  thrown  in  powder  upon  a  plate  of  iron  heated  below 
in  a  dark  place,  it  emits  a  phosphorescent  ligbtt 
PropertMs.  993,  Fluoride  of  calcium  fuses  at  a  red  heat  witfaoat  fiuthcr 
change.  It  is  insoluble  in  water,  slightly  soluble  in  hot  dilated  fa^ 
drochloric  acid,  and  is  decomposed  by  sulphuric  acid  aided  by  genui 
beat,  affording  hydrofluoric  acid  (715). t 

904  Protosulphuret  of  Calcium.  Ga+S,  or  CaS,  20.6  1  eq.  ciL 
-f-  16.1  1  eq.  sulph.  =  36.6  eqniv.  This  compound  may  h 
prepared  by  reduction  from  the  sulphate  by  hydrogen  or  ehaicoA 
and  when  pure  is  white  with  a  reddish  tint,  and  is  very  apariw^ 
soluble  in  water.  It  has  the  property,  in  common  with  salpbuRl 
of  barium,  of  being  phosphorescent  niter  exposure  to  ligbftt  vd 
appears  to  be  the  essential  ingredient  of  Canton's  phosphoma. 

When  3  parts  of  slaked  lime,  I  of  sulphur,  and  20  of  water,  iR 
boiled  together  for  an  hour,  and  the  solution,  without  separatioa  fisa 
the  sediment,  is  set  aside  in  a  corked  flask  for  a  few  days,  a  cepiosi 
deposite  of  orange-coloured  crystals  takes  place,  which »  when  sbeif 
formed,  are  flat  quadrilateral  prisms.  These,  from  the  anal jais  ii 
Herschel,^  appear  to  be  bistdphuret  of  calcium  with  3  eq.  of  walcr. 
They  are  decomposed  by  exposure  to  the  air,  and  are  of  apariog  i^ 
lubility  in  water. 

When  either  of  the  foregoing  sulphurets  is  boiled  in  water  absf 
with  sulphur,  a  yellow  solution  is  formed  containing  calcium  csa- 
bined  with  Ave  equivalents  of  sulphur.  || 

905.  Photphuret  of  Calcium,  Ca+P,  or  CaP,  20.6  1  eq.  caL  + 
15.7  1  eq.  phos.  =  36.2  equiv.  It  is  formed  by  passing  ibe 
vapour  of  phosphorus  over  fragments  of  quicklime  at  n  low  tA 
heat  ;ir  when  a  brown  matter  is  formed,  consisting  of  phosphalerf 


ffisolpha 
ret 


PiuMipho- 
ret. 


■avprtpmnd. 


iM 


*  It  occort  in  T&riooe  pans  of  the  United  Statee— thatfcom  Shnwneelova,  BliMa 
perticniariy  beantifnl.    For  other  localities  see  Cleaveland's  and  ]>aaa*t 

t  It  may  be  prepared  artificially  hy  digecting  moist,  recently  precipitmlad,  a 
of  lime  in  au  escess  of  hydrofluoric  acid;  or  bv  mixing  a  solatioo  of  chloride  1 
om  with  fluoride  of  potassium  or  sodium.     As  prepared  in  the  latter 
bulky  gelatinous  mass,  which  it  is  rery  difficult  to  wash ;  whereas  the  fimi 
gives  it  in  the  state  of  a  granular  white  powder,  which  may  be  washed  with 

t  Iodide  q/*  Calcium.    Ca+f,  or  Cal,  20.6  I  eq.  ciil.+I26.3  I  eq.  iod.  a 
Bromide  tj  QUdum.    Ca-f  Br,  or  CaBr,  20.S  1  eq.  cal.  +  78.4  I  eq. 
98.9  equiv.  9  Edtn,  Phihi.  Jour,  1.  p.  II,  &c. 

II  Biavlphuret  q/*  Caidum.    Ca+3S,  or  CaS*,  80.6  1  eq.  cal.  -f  89.8  8  eq. 
68.7  equiv. 

(luinUmiiphurei  qf  Calcium,    Ca-HS,  or  CaS*,  80.6  1  eq.  cal.  -f  80 J  S  ef. 
=  101  equir. 

H  5felect  a  green  glass,  or  porcelain  tube.closed  at  one  end,  and  about  IS  iaebtf 
and  one  ineb  diameter,  and  carefolly  cover  it  with  a  clay  lota  «*««M»q«^  a  wyi 


Magnuium.  "^ 

and  phospharet  of  calcium.     When  put  into  water,  mutual  »>«'m* 
nposition  ensues,  and  pbosphuretted  hydrogen,  hypophospho- 
&cid,  and  phosphoric  acid  are  generated  (777). 

p  «  nnall  piece  of  it  into  a  wine-jrlaM  of  water,  and  in  a  ihort  time  babblei  Exp. 
Mphuretted   hydrogen  gas  will  be  produced ;  which,  riaing  to  the  lur- 
ill  lake  fire,  and  explode.    If  the  phoaphnret  of  lime  be  not  perfectly  freah, 
'  be  proper  to  warm  the  water  to  which  it  is  added. 

»  an  ale-glass  put  one  part  of  the  phosphuret  in  pieces  of  about  the  size  of  Exp. 
(not  in  powder^,  and  add  to  it  half  a  part  of  chlorate  of  potassa.  Fill  the 
frith  water,  ana  put  into  it  a  funnel,  with  a  long  iHpe,  or  narrow  glass  tube, 
Dg  to  the  bottom.  Through  this  pour  three  or  four  parts  of  strong  sulphu- 
d,  which  will  decompose  the  chlorate ;  and,  the  phosphuret  also  decom- 
\  the  water  at  the  same  time,  flashes  of  fire  dart  firom  the  surftce  of  the  fluid, 
M  bottom  of  the  vessel  is  illuminated  by  a  beautiftil  green  light. 

Magnesium. 

B}fmb.  lig    Equiv.  19.7* 

6.  The  eiittence  of  this  metal  was  demonstrated  by  Davy,  but  Discovery. 
It  first  obtained  in  any  quantity  by  Bussy,  in  1830  by  means  of 
wium. 

'.  For  this  purpose  five  or  six  pieces  of  potassium,  of  the  size  of  peas,  were  p^^  |^ 
luced  into  a  glass  tube,  the  sealed  eztremitv  of  which  was  bent  into  the  ^'^'^*** 
of  a  retort,  and  upon  the  potassium  were  laid  fra^ents  of  chloride  of  mag- 
■.  The  latter  being  then  heated  to  near  its  point  of  fusion,  a  lamp  was 
id  to  the  potassium,  and  its  vapour  transmitted  through  the  mass  of  heated 
ide.  Vivid  incandescence  immediately  took  place,  ana  on  putting  the  mass, 
oooling,  into  water,  the  chloride  of  potassium  with  undecomposed  chloride 
upesium  was  dissolved,  and  metallic  magnesium  subsided.  These  results 
DMD  since  confirmed  by  Liebig.t 

16.  Magnesium  has  a  brilliant  metallic  lustre,  and  a  white  colour  properties, 
silver ;  is  very  malleable,  and  fuses  at  a  red  heat.  Moist  air  ox- 
It  it  superficially ;  but  it  undergoes  no  change  in  dry  air,  and 
be  boiled  in  water  without  oxidation.  Heated  to  redness  in  air 
lyijen  gas,  it  burns  with  brilliancy,  yielding  magnesia ;  and  it 
met  spontaneously  in  chlorine  gas.  It  is  readily  dissolved  by 
m  acids  with  disengagement  of  hydrogen,  and  the  solution  is 
d  to  contain  a  pure  salt  of  magnesia. 

».  Protoxide  of  Magnesium.    MG+0,  Mg,  or  MgO,  12.7  1 

:.  Put  an  ounce  of  phosphorus  broken  into  small  pieces  into  the  lowsr  end,  and 
•p  with  pieces  of  dean  quicklime,  about  the  siie  of  large  peas ;  place  it  in  an  ia- 
1  position  in  a  famace,  so  that  the  end  ooataioiog  the  phospbonis  may  prouode, 
I  Ibe  upper  part  of  the  tube  is  heatinff  to  redness  -,  then  slowly  draw  the  cool  part 
he  fire,  By  which  the  phosphorus  will  be  Tolatilized,  and  passing  into  the  red-hot 
MBvert  a  portion  of  it  into  phosphuret.    Care  should  be  taken  that  no  consider 

portion  ol  phosphorus  escapes  and  bums  away  at  the  open  end  of  the  tube,  ProptniM. 
I  aftor  the  process,  should  l>e  corked  and  snflered  to  cool,    lis  contents  may  then 
■kta  upon  a  sheet  of  paper,  and  the  brown  pieces  picked  out  sad  carefully  pre* 
d  ia  a  well  stopped  phial  j  the  white  pieces,  or  those  which  are  only  pale  brown, 

W  rejected. 

,  eoner  method  n,  by  throwing  a  piece  of  dry  phosphorus  into  s  crucible  with 
r  fraigmenu  of  lime  (each  about  the  size  of  a  pea),  at  the  bottom,  and  at  a  bright 
sal,  an  awistant  putting  on  a  co?er,  or  inverting  it  immediately  on  a  flat  plate  of 
at  the  same  time  throwing  a  quantity  of  sand  round  it  to  close  any  aperture.  The 
rimoBt  may  l»e  made  with  8U  or  30  grains  of  pboqphorus,  and  about  69  or  70 
M  in  a  small  crucible.    R.    See  Mitchell's  process,  page  918,  Aofe. 

afcrred  by  Berzelius  from  the  quantity  of  sulphate  obtained  from  a  known 
kt  of  pure  magneaia. 

liM.  4t  Cktm,  §i  (ft  Phy§.  zlvi.  4M. 
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ufc«p»iv.  eq.  mag.  +  8  1  eq.  oxy.  =  20.7  equiv.  This,  the  only  knowB 
Protoxide  oxide  of  magnesium,  commonly  known  by  the  name  of  magnetiOf  it 
or  magne-  best  obtained  by  exposing  carbonate  of  magnesia  to  a  very  stroog  red 
'^^'  heat,  by  which  its  carbonic  acid  is  expelled.     It  is  a  white,  friable 

powder,  of  an  earthy  appearance ;  and,  when  pare,  it  has  neithcf 
taste  nor  odour.  Its  specific  gravity  is  about  2.3,  and  it  is  exceed- 
ingly infusible.  Brande  once  succeeded  in  agglutinating  a  sonll 
portion  of  this  earth  in  the  Voltaic  flame,  and  whilst  exposed  to  tkii 
high  temperature,  it  was  perfectly  fused  by  directing  upon  h  ihs 
flame  of  oxygen  and  hydrogen. 

910.  It  has  a  weaker  affinity  than  lime,  for  water;  for  though k 
Actum  of    fQYvas  a  hydrate  when  moistened,  the  combination  is  eflfected  with 

hardly  any  disengagement  of  caloric,  and  the  product  is  readily  de- 
composed by  a  red  heat.*' 

Magnesia  dissolves  very  sparingly  in  water.  According  to  Fyfc^ 
it  requires  6142  times  its  weight  of  water  at  60^,  and  36.000  ef 
boiling  water  for  solution.  The  resulting  liquid  does  not  changl 
the  colour  of  violets ;  but  when  pure  magnesia  is  put  upon  moisteiM 
turmeric  paper,  it  causes  a  brown  stain.  From  this  there  ■ 
no  doubt  that  the  inaction  of  magnesia  with  respect  to  vegetable  oh 
So  ntion.  \q^j^^  when  tried  in  the  ordinary  mode,  is  owing  to  its  insolubilitf. 
It  possesses  the  still  more  essential  character  of  alkalinity,  thst, 
namely,  of  forming  neutral  salts  with  acids,  in  an  eminent  degree,  k 
absorl^  both  water  and  carbonic  acid  when  exposed  to  the  atmss- 
phere,  and,  therefore,  should  be  kept  in  well  closed  phials. 

911.  Magnesia  is  characterized  by  the  following  properties.  Wnh 
Properties,  nitric  and  hydrochloric  acid  it  forms  salts  which  are  soluble  in  ak^ 

hoi,  and  exceedingly  deliquescent.  The  sulphate  of  magnesia  is  fciy 
soluble  in  water,  a  circumstance  by  which  it  is  distinguished  firoa 
the  other  alkaline  earths.  Magnesia  is  precipitated  from  its  salts  si 
a  bulky  hydrate  by  the  pure  alkalies.  It  is  precipitated  as  carbonsls 
of  magnesia  by  the  carbonates  of  potassa  and  soda  ;t  but  the  bica^ 
bonates  and  the  common  carbonate  of  ammonia  do  not  precipitale 
it  in  the  cold.  If  moderately  diluted,  the  salts  of  magnesia  are  boI 
precipitated  by  oxalate  of  ammonia.  By  means  of  this  reagcaK 
magnesia  may  be  both  distinguished  and  separated  from  lime. 

912.  Chloride  of  Magnesium.  M^-|-C1,  or  MgCl,  12.7  1  eq.  msg. 


+  35.42  1  eq.  =  48.12  equiv.  This  may  be  prepared  by 
mitting  dry  chlorine  gas  over  a  mixture  of  magnesia  and  charcoal  st 
a  red  heat ;  but  Liebig  has  given  an  easier  process,  which  coDsiili 
in  dissolving  magnesia  in  hydrochloric  acid,  evaporating  to  diynsiit 
mixing  the  residue  with  its  own  weight  of  hydrochlorate  of  amnis- 
nia,  and  projecting  the  mixture  in  successive  portions  into  a  platinw 
crucible  at  a  red  heat.  As  soon  as  the  ammoniacal  salt  is  whoh 
expelled,  the  fused  chloride  of  magnesium  is  left  in  a  state  of  tranqus 


*  The  native  hydrate  it  found  at  HobokeD,  N.  J.,  it  contists  of  70 
water. 

t  The  carbonate  of  maffoesia,  used  in  medicine,  and  for  experimental  IMvpoMO^ 
prepared  by  oiixing  hot  soTutiont  of  carbonate  of  potassa  and  aalphate  of  ma|MNa  (w^ 
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fusion,  and  on  cooling  becomes  a  transparent  coloarless  mass,  which    Sect,  it. 
is  highly  deliquescent,  and  is  very  soluble  in  alcohol  and  water.* 


Section  IV.     Metallic  Bases  of  the  Earths. 

013.  Aluminium,    Al.  eq.  13.7.    Alumina  constitutes  some  of  the  Alaminoat 
hardest  gems,  such  as  the  sapphire  and  ruby ;  and  combined  with  ininol** 
water,  it  gives  a  peculiar  softness  and  plasticity  to  some  earthy  com- 
pounds, such  as  the  difTerent  kinds  of  clay. — The  experiments  of 
Davy  afforded  a  strong  presumption  that  alumina  is  a  metallic  oxide ;  Alumi- 
but  Us  base,  aluminium^  he  did  not  obtain  in  such  a  state  as  to  °*°™' 
make  its  properties  an  object  of  investigation.      Yet  alloys  were 
formed  which  gave  sufficient  evidence   of  its  existence,  and   the 
presence  of  oxygen  in  alumina  was  proved,  by  its  changing  potas- 
sium into  jpotassa,  when  ignited  with  that  metal. 

914.  Aluminium  has  since  been  procured  by  Wohlert  by  decom- 

C»sing  the  chloride  by  means  of  potassium.     The  action  is  very  vio- 
Dt,  and  accompanied  with  such  intense  heat  that  a  crucible  of  pla-  ?"»«•»•  f®''- 
tionm  is  required. 

015.  The  aluminium  is  generally  in  small  scales  of  a  metallic  properties. 
lustre,  or  in  slightly  coherent  spongy  masses  with  the  lustre  of  tin. 

It  conducts  electricity  in  its  fused  state,  but  in  the  form  of  powder 
it  does  not.     Its  fusing  point  is  higher  thon  that  of  cast  iron.     At  a  pg^ji^^ji^ 
red  heat  it  takes  fire  in  the  air,  and  alumina  is  formed  ;  in  oxygen 
gas  it  burns  with  intense  light  and  heat. 

It  IS  not  oxidized  by  water  at  common  temperatures ;  oxidation  Action  oT 
commences  when  the  water  is  near  its  boiling  point,  but  even  after  water. 
continued  boiling  it  is  very  slight. 

91&  Sesquioxide  of  Aluminium,    2A1H-30,  Al,  or  Al'O*,  27.4  Alomtna. 

2  eq.  alom.  -|-  24  3  eq.  oxy.  =  61.4equiv.    This  is  one  of  the  most 

abnodant  earths  in  nature,  being  a  constituent  of  many  rocks,  the 

diflerent  kinds  of  clayi  and  of  some  of  the  hardest  gems,  as  the  ruby 

and  sapphire. 

917.  Alamina  may  be  obtained  by  dinolving  purified  alamt  in  four  or  five  Obtained. 
times  its  weight  of  boiling  water,  adding  a  slicht  excess  of  carbonate  of  potava, 
ud  sfter  digesting  for  a  few  minutes,  toe  bulky  hydrate  of  alumina  may  be  col- 
lsct«d  on  a  niter  and  well  washed  with  hot  water.    If  an  excess  of  alkali  is  not 
MBplojad  the  precipitate  will  retain  some  sulphuric  acid.f 

018.  Alumina  is  destitute  of  taste  and  smell ;  moistened  with  Properties, 
water,  it  forms  a  cohesive  and  ductile  mass,  susceptible  of  being 
kneaded  into  a  regular  form.     It  is  not  soluble  in  water ;  but  retains 
a  considerable  quantity,  and  is,  indeed,  a  hydrate,  containing  when 
dried  at  tlie  temperature  of  the  atmosphere,  almost  half  its  weight  of 

*  For  other  compoands  see  Tanier's  Oiem,       i  Edin.  Jour,  cf  Sd.  No.  xvii.  176. 

t  This  salt,  as  purchased  in  the  shops,  is  frequently  contamiostod  with  peroxide  of 
iiQO.  and  consequently  unfit  for  many  chemical  purposes ;  Imt  it  may  be  separated  from 
Uis  imparity  by  repeated  crystallisation.  Its  absence  is  proted  by  the  alum  being 
salobla  witfewat  residue  in  a  solution  of  pure  potassa ;  whereas  when  peroxide  of  iron 
k  pfcsMit,  it  is  either  left  undissolved  in  the  first  instance,  or  deposited  after  a  few 
Wan  in  yellowish-brown  flocks. 

I  B«t  iIm  alumina,  as  thus  prepared,  is  not  yet  quite  pure }  for  it  retains  some  of  the 
•Ikali  with  such  force,  that  it  cannot  be  separated  by  the  action  of  water.    For  this 
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Chap.  IV*  water.  Even  after  ignition,  alumina  has  such  an  affinity  for  nuHH- 
ure,  that  it  can  hardly  be  placed  on  the  scale  without  acquiring 
weight.*'  It  is  dissolved  by  the  liquid  fixed  alkalies,  and  is  ptecipi* 
tated  by  acids  unchanged.     In  ammonia  it  is  very  sparingly  solabw. 

919.  Alumina  has  the  property  of  shrinking  considerably  in  bulk, 
when  exposed  to  heat.  On  this  property  was  founded  ihe^fyromeUr 
of  Wedgwood,  designed  to  measure  high  degrees  of  heat  brlht 
amount  of  the  contraction  of  regularly  shaped  pieces  of  China  clay. 

920.  Alumina  is  easily  recognised  by  the  following  ohaiactffs. 
1.  It  is  separated  from  acids,  as  a  hydrate,  by  all  the  alkaline  carbo- 
nates, and  by  pure  ammonia.  2.  It  is  precipitated  by  pare  patam 
or  soda,  but  the  precipitate  is  completely  redissolved  by  an  exoen  d 

921.  SesquiMoride  of  Aluminium,  2A1+3C1  or  Al«  CP,  27.4  t 
eq.  alumin.  -f"  106.26  3  eq.  chlor.  :=  133.66  equiv.,  was  obtained 
by  Oersted,  by  transmitting  dry  chlorine  gas  over  a  mixtare  of  alfr 
mina  and  charcoal  heated  to  redness.  It  ^vas  afterwards  prepaiwd 
by  Wohler  as  follows. 

922.  He  precipitated  alaminous  earth  from  a  hot  solution  of  alom  br  bmb 
of  potassa,  and  mixed  the  hydrate,  when  dry,  with  pulverized  charcoal,  siigiL 
ana  oil,  so  as  to  form  a  thick  paste,  which  was  heated  in  a  covered  crucible  mi 
all  the  organic  matter  was  destroyed.  By  this  means  the  alumina  was  lini|^ 
into  a  state  of  intimate  mixture  with  finely  divided  charcoal,  and  while  ytl  fcM, 
was  introduced  into  a  tube  of  porcelain,  fixed  in  a  convenient  Ibniaoe.  Aiv 
expelling  atmospheric  air  from  the  interior  of  the  apparatus  by  a  cttmnt  of  d^ 
chlorine  cas,  the  tube  was  brought  to  a  red  heat.  The  formatioD  of  ■i.S4witiii 
ride  of  aluminium  then  commenced,  and  continued,  with  disengagemeat  of  MF 
bonic  oxide  gas,  durinc  an  hour  and  a  half,  when  the  tube  became  impcniav 
from  sublimed  sesquichloride  collected  within  it.  The  proceas  waa  thoa  ■^ 
cessarily  discontinued. 

923.  It  is  of  a  pale  greenish  colour,  translucent,  lamellated,  tnd 
like  talc.  Exposed  to  air,  it  emits  fumes  having  an  odour  like  hy- 
drochloric acid,  and  deliquesces.  It  dissolves  in  water  with  a  hii^ 
ing  noise  and  much  heat  It  is  volatile  a  little  above  212^  and  it 
ses-t 

Glucinium, 

Symb.  6.    Eqmv.  26.6* 

Olacinium.  924.  This  is  the  metallic  base  of  the  earth  glucina,  and  was  oblaiocd 
in  182S  by  Wohler,  by  the  action  of  potassium  on  the  chloridii 
as  in  the  case  of  the  last  described  metal ;  it  appeared  as  a  gmf 
powder  but  acquired  a  metallic  lustre  by  burnishing,  and  w 
easily  oxidized.! 


Properties. 


reason  the  precipitate  must  he  re-dissoWed  in  dilate  hydrochloric  acid,  aed  ( 
down  liy  means  of  pure  ammonia,  or  its  carbonate.  This  precipitate,  after  beiag  Ml 
washed  and  expoiwd  to  a  while  heal,  yields  pure  anhydrous  alumina.  AmBoeiBa^ 
not  1)6  employed  for  precipitating  aluminous  earth  directly  from  alum,  becaasti^ 
phate  of  alumina  is  not  completely  decomposed  by  this  alkali.  (Berzeliot.)  AaMi' 
process,  proposed  hy  Gsy-Lussac,  is  to  expose  salphate  of  alumina  and  ammneii "  * 
strong  heat,  »o  as  to  expel  the  ammonia  and  sulphuric  acid. 
For  other  processes  see  Ure's  Dkt.  3.  147. 

*  Berzriius  found,  ihst  100  parts  of  alumina,  after  being  ignited  gained  IS|iM*' 
dry  atmosphere,  and  33  from  a  humid  one.  For  a  full  saturation,  100  grtiasifi'i' 
mina.  he  ascertained,  require  64  of  water.*    It  does  not  aflcct  Tegetablc  coloais. 

t  Aluminium  comhtnes  with  sulphur,  phosphorus  and  selenium,  for  vhich  sitl^' 
ner,  809.  %  Phil  Mdg,  and  Asmoii^  ▼.  SOS. 

*.#m.  i»  CMm,  tl  Mys.  ▼.  101. 
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Sesquioxide  of  Glucinium  or  GVttctna,  26+30,  G,  or  G*03,  -— -; — '— 
>vered  by  Vauquelin  in  the  beryl,  emerald  and  euclase.         ide  or  gla- 


ceis  propoMd  by  Berthier  for  obtaininf  it,  b  to  mix  the  beryl  in  fine  ^°*> 

ith  iti  own  weight  of  marble  and  expNoae  the  mixture  in  a  crucible  to  a  ProcMS  for, 


lered  quite  insoluble.  The  alumina  and  § lucina  are  then  rediitolved 
ctdulated  with  hydrochloric  acid,  and  thrown  down  together  by  pure 
The  precipitate,  aAer  being  well  washed^  b  maoeratea  with  a  large 
carbonate  of  ammonia,  by  which  ^lucina  la  diaaolTed ',  and  on  boiling 
I  li<|uid,  carbonate  of  glucina  lubeidea.  By  means  of  a  red  heat  its 
sid  u  entirely  expelled. 

JIucina  is  a  white  powder,  which  has  neither  taste  nor  Piopertits, 

dd  is  quite  insoluble  in  water.  Its  sp.  gr.  is  3.     Vegetable 

ire  not  aflfected  by  it.     The  salts  which  it  forms  with  acids 

veeti^h  taste,  a  circumstance  which  distinguishes  glucina 

er  earths,  and  from  which  its  name  is  derived.      (From 

¥eet.) 

r lucina  may  be  known  chemically  by  the  following  charac-  Distin- 

Pure  potassa  or  soda  precipitates  glucina  from  its  salts,  but  g«i<hed, 
I  of  the  alkali  redissolves  it.     2.  It  is  precipitated  perma- 
r  pure  ammonia  as  a  hydrate,  and  by  fixed  alkaline  carbo- 
•  carbonate  of  glucina.     3.  It  is  dissolred  completely  by  a 
lion  of  carbonate  of  ammonia,  and  is  precipitated  from  it  by 

By  means  of  this  property,  glucina  may  be  both  dtstin<- 
tnd  separated  from  alumina.    T. 

YUriurju     <• 

Symb.  Y 

Ttirium  is  the  metallic  base  of  an  earth  which  was  discov- 
be  year  1794  by  Gadolin,  in  a  mineral  found  at  Ytterby  in 
from  which  it  received  the  name  of  yttria.     The  metal  it-  Yttrium, 
prepared  by  Wohler  in  1828,  by  a  process  similar  to  that 
icribed. 

Is  texture*  by  which  it  is  distinguished  from  glucinium  and  Properties, 
ro,  is  scaly,  its  colour  grayish  black,  and  its  lustre  perfectly 
In  colour  and  lustre  it  is  inferior  to  aluminium,  bearing 
respects  nearly  the  same  relation  to  that  metal,  that  iron 
n.  It  is  a  brittle  metal,  while  aluminium  is  ductile.  It  is 
ized  either  in  air  or  water;  but  when  heoted  to  redness,  it 
ih  splendour  even  in  atmospheric  air,  and  with  far  greater 
'  in  oxygen  gas.  The  product,  yttria,  is  white,  and  shows 
cml  marks  of  fusion.  It  dissolves  in  sulphuric  acid,  and 
igb  less  readily,  in  solution  of  potassa ;  but  it  is  not  attack- 
imonia.     It  combines  with  sulphur,  selenium,  and  phospho- 

Tbe  salts  of  yllria  have  in  general  a  sweet  taste,  and  the  Characters 
as  well  as  many  of  its  salts,  has  an  amethyst  colour.     It  is  ®* '"  ^^* 
led  as  a  hydrate  by  the  pure  alkalies,  and  it  is  not  redis- 
r  an  excess  of  the  precipitant ;  but  alkaline  carbonates,  es- 


-.--j» 
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Chap.  IT,  pecially  that  of  ammonia,  dissolve  it  in  the  cold,  though  lets  freely 
than  glucina,  and  carbonate  of  yttria  is  precipitated  by  boilinf^.  Of 
all  the  earths  it  bears  the  closest  resemblance  to  glucina;  butitii 
readily  distinguished  from  it  by  the  colour  of  its  sulphate,  by  its  id* 
solubility  in  pure  potassa,  and  by  yielding  a  precipitate  with  fern- 
cyannret  of  potassium.* 

EqaiTBlent  931.  The  equivalent  of  yttrium,  as  deduced  by  Berxeliaa,  it  32Jt; 
and  that  of  yttria,  which  is  probably  a  protoxide,  is  40.S.    T. 

Thariitm. 

Sifmb.  Th    Equi9,  59. 6 

933.  The  earthy  substance  formerly  called  thorina^  was  feand  Iff 

T>i»ooiwj,  Berzelius  to  be  phosphate  of  yttria ;  but  in  1828  he  ditcovered  i 

new  earth,  so  similar  in  some  respects  to  what  was  formerly  calM 

thorina,  that  he  applied  this  term  to  the  new  substance. 

Process  for      ^^'  ^^^  metallic  base  of  thorina  (thorium)  was  procured  by  Ai 

'action  of  potassium  on  chloride  of  thorium,  decomposiiioa  being a^ 

companiea  with  a  slight  detonation.     On  washing  the  matt,  thorioa 

is  left  in  the  form  of  a  heavy  metallic  powder,  of  a  deep  leadeu-gnj 

colour ;  and  when  pressed  in  an  agate  mortar,  it  acquires  melalb 

lustre  and  an  iron-gray  tint. 

Oxidation       ^*^*  thorium  is  not  oxidized  either  by  hot  or  cold  water ;  hi 

of,  when  gently  heated  in  the  open  air,  it  burns  with  great  brilliaac|; 

comparable  to  that  of  phosphorus  burning  in  oxygen.     The  letnUpf 

thorma  is  as  white  as  snow,  and  does  not  exhibit  the  least  trtet  a 

fusion.     It  is  not  attacked  by  caustic  alkalies  at  a  boiling  heat,  ii 

scarcely  at  all  acted  on  by  nitric  acid,  and  very  slowly  by  the  nl- 

phuric ;  but  it  is  readily  dissolved  with  disengagement  of  kydragia 

gas  by  hydrochloric  acid.    T. 

Thorina         ^^'   Thorina  was  procured  from  a  rare  mineral  from  Norwir. 

*    called  thorite,  of  which  it  constitutes  57.91  per  cent. 

PioDertiei       ^^*  '^^^''^'^^  '^  ^  white  earthy  substance,  of  sp.  gr.  9.402  iiM»- 

*  luble  in  all  the  acids  except  the  sulphuric  i  it  dissolves  even  in  tkt 

with  difficulty.     It  is  precipitated  from  its  solutions  by  the  caoaic 

alkalies  as  a  hydrate,  and  in  this  state  absorbs  carbonic   acid  firoa 

the  atmosphere,  and  dissolves  readily  in  acids.     Its  exact  coopoa* 

tion  is  not  known  ;  but  its  equivalent  is  about  67.6. 

Dittin-  ^^'  Thorina  is  distinguished   from   alumina   and  glucina  hf 

(oislMd.     its  insolubility  in  pure  potassa ;  from  yttria  by  forming  with  sulpinlv 

of  potassa  a  double  salt  which  is  quite  insoluble  in  a  cold  aatoialed 

solution  of  sulphate  of  potassa. 

Zirconium, 

Symb.  Zt    Eq,  about  33.7  ? 

938.  The  experiments  of  Davy  proved  zirconia  to  be  an  mibd 
ZirooDiam,  body,  and  afforded  a  presumption  that  its  base,  Ztrcoataai,  it  rf> 
metallic  nature.  When  potassium  was  brought  into  contact  vtt 
zirconia  ignited  to  whiteness,  potassa  was  formed,  and  dark  partichi 
of  a  metallic  aspect  were  diffused  through  the  alkali.  The  decia- 
position  of  this  earth,  however,  had  not  been  effected  in  a  satisfrcMJ 

^BtraUins. 
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ler  until  the  year  1824,  when  Berzelius  succeeded  in  obtaining    ••ct.v. 
aium  in  an  insulated  state. 

.  Zirconium  it  procured  by  heatinc  a  mixture  of  potanium  with  the  dou-  How  pro- 
loride  of  zirconia  and  potawa,  carelullj  dried,  in  a  tube  of  glaw  or  iron,  bv  cured, 
I  of  a  spirit  lamp.    Toe  reduction  takea  place  at  a  temperature  below  red- 
lad  without  emimon  of  light.    The  maat  ia  then  WMhed  with  boiling  wa> 
id  aAerwaida  digested  for  some  time  in  dilute  hydrochloric  acid.    A  amall 
n  of  hydrate  of  zirconia  however  itill  adherea  to  the  zirconium. 

0.  Zirconium  thus  obtained,  is  in  the  form  of  a  black  powder,  Properties, 
h  may  be  boiled  in  water  without  being  oxidised,  and  is  attacked 
difficulty  by  the  sulphuric  or  nitro-hydrochloric  acids  ;  but  is 

Ived  readily,  and  with  disengagement  of  hydrogen  by  hydro- 
ic  acid. 

1.  Heated  in  the  open  air  it  takes  fire  at  a  temperature  hv  below  Conbiw- 
idescence,  burns  brightly  and  is  converted  into  zirconia.  ^^^  ^' 
3.  Zirconium  may  be  pressed  out  into  thin  shining  scales  of  a 

grey  colour,  and  of  a  lustre  which  may  be  called  metallic,  but 
irticles  adhere  together  very  feebly.  It  is  a  non-conductor  of 
•icity. 

3.  Sesquioxide  of  Zirconium^  or  Ziramui,  2Zr4-30,  Zr«  or  Sesquioz- 

\  was  discovered  in  1789  by  Klaproth.     It  is  obtained  from  the  ^"J  *''• 
1  or  jargon  of  Ceylon.     The  zircon  in  fine  powder  may  be  fused        ' 
litharge  in  the  ratio  of  17  to  21,  when  a  glass  is  obtained  which 
uUe  in  acids. 

4.  Zirconia  is  in  the  form  of  a  fine  white  powder,  which,  properties, 
I  rubbed  between  the  fingers,  has  somewhat  of  the  harsh  feel  of 

.  It  is  entirely  destitute  of  taste  or  smell.  Its  specific  gravity 
fds  4.  It  is  insoluble  in  water,  yet  appears  to  have  some  affi- 
for  that  fiuid,  retaining  when  slowly  dried  after  precipitation, 
bird  its  weight,  and  appearing  like  gum  arabic. 

5.  Exposed  to  a  strong  heat,  zirconia  fuses,  assumes  a  light  gg-^|  ^f 
colour;  and  such  hardness,  on  cooling,  as  to  strike  fire  with  heat 
tDd  to  scratch  even  rock  crystal.* 

lojf  V.    Metalst  the  Oxides  cf  wkkk  are  neither  Alkalies  nor 

Earths, 

I.   MKTALS  WHICH  DECOMPOSK  WATKE  AT  ▲  XKD  HEAT. 

Mamganese^ 

Symb»  ihi       Egwit,  97.7 

$.  The  common  ore  of  manganese  is  the  black  or  peroxide, 
1  is  found  native  in  great  abundance. 

I  laetal  it  obtained  by  mixing  thia  oxide,  finely  powdered,  with  pitch,  pfg^^g,  f^f 
f  it  into  a  ball,  and  putting  tlMi  into  a  crucible,  with  powdered  charcoal,  obtaining 
Mill  of  an  inch  thick  on  the  sidea,  and  one  fourth  of  an  inch  deep  at  the  metallic 
I.     The  empty  space  is  then  to  be  filled  with  powdered  charcoal,  a  coyer  manganete. 
«  Inted  on,  and  the  crucible  ezpoeed,  for  one  hour,  to  the  strongest  heat 
!■  be  raiaed. 

loganese  is  a  hard  brittle  metal,  of  a  grayish-white  colour,  and 
liar  texture.     When  exposed  to  air  it  becomes  an  oxide.     Its 
5c  gravity  is  8.013.     It  is  not  attracted  by  tike  magnet,  except 
contaminated  with  iron. 

^  For  other  chaiaciara  aea  Tamar*s  Sftwunh,  SOS. 


^2  MttaU — MangmuH. 

O'^P'i^.      947.  It  slowly  decomposes  water  at  common  teropentareSt  and 
Eqninaent*  rapidly  at  a  red  heat. 

Oxides  of  Manganese* 

Protoxide,       948.    Protoxide  Mn-|-0,   Mn,  or  MnO,  27.7  1   eq.  nmiig. + 

8  1  eq.  oxy.  =  35.7  equiv.,  is  that  oxide  of  manganese  which  ii 

a  strong  salifiable  base  present  in  all  the  ordinary  salts  of  this  m^ 

tal,  and  which  appears  to  be  its  lowest  degree  of  oxidation. 

p^^^^^^  |.         It  may  be  formed  by  ezpodng  the  peroxide,  seiquioxide,  or  red  oxide  <^bm> 

'  nnese  to  the  combined  agency  of  charcoal  and  a  white  heat ;  or  by  expomagft 

ther  of  the  oxides  of  manganese,  contained  in  a  glass  or  iron  tube,  to  a  cuncM  ^ 

hydrogen  pm  at  a  hi^h  temperature.    For  this  purpose  the  red  oxide,  pnpvii 

from  the  nitrate  of  oxide  of  manganese,  is  the  best. 

Another  ^^  ^*  ^^^^  obtained  by  fusing  the  chloride  in  a  platinum  cradbk 

with  about  twice  its  weight  of  carbonate  of  soda  and  dissolving  the 
chloride  of  sodium  in  water. 

p^^.         949.  It  is  of  a  green  colour,  and,  according  to  some*  attracts  at 

^''**'^**'  ygen  rapidly  from  the  air,  but  in  Turner's  experiments  was  wj 
permanent,  undergoing  no  change  during  nineteen  day8.t  It  000" 
dized  at  600°.  It  unites  with  acids  producing  the  same  salts  as  the 
carbonate.  If  quite  pure  it  should  dissolve  in  cold  dilute  sulphmiB 
acid.t 

Saiu.  960.  The  salts  of  manganese  are  in  general  colourless  if  pnti 

but  often  have  a  shade  of  pink  from  the  presence  of  red  oxide  if 
permanganic  acid.  The  alkalies  precipitate  the  protoxide  as  a  whik 
hydrate,  the  carbonates  give  a  white  carbonate,  and  ferrocyanant 
of  potassium  gives  a  white  ferrocyanuret  of  manganese,  a  characMf 
by  which  the  absence  of  iron  may  be  demonstrated.  The  while 
precipitates  become  brown  from  absorption  of  oxygen. 

Sesquiox-        ^^^'  Sesquioxide  2Mn+30,  Mn,  or  Mn'0»,  65.4  2  eq.  maar. 

ide,  -|-  24  3  eq.  oxy.   =   79.4  equiv.,  occurs  nearly  pure  in  Datnre, 

and  is  found  as  a  hydrate  at  Ilefeld  in  the  Hartz.  It  may  fat 
formed  artificially  by  exposing  peroxide  of  manganese  for  a  eoaMt 
rable  time  to  a  moderate  red  heat,  and,  therefore,  is  the  chief  residae 
of  the  usual  process  for  procuring  a  supply  of  oxygen  gas. 

Properties.      952.  The  colour  varies  with  the  source  from  which  it  is 

That  which  is  procured  by  means  of  heat  from  the  native  perexidt 
or  hydrated  sesquioxide  has  a  brown  tint ;  but  when  prepared  fraa 
nitrate  of  oxide  of  manganese,  it  is  nearly  as  black  as  the  perande, 
and  the  native  sesquioxide  is  of  the  same  colour.  With  solphoric 
and  hydrochloric  acids,  it  yields  oxygen  and  chlorine  gases.  Iiii 
more  easily  attacked  than  the  peroxide  by  cold  sulphuric  acid.  WiA 
strong  nitric  acid,  it  yields  a  soluble  protonitrate  and  the  peranfe 
953.    Peroxide    MnHh20,  27.7  1  eq.  mang.  +  16  2  eq.  oq^ 

Peroxide,    =  43.7  equiv.      This  is  the  well  known    ore   commonly  etlW 

*  In  stodyiog  metallic  oxides,  it  is  necessary,  as  remarked  hy  Tamer,  to 
oxides  rormed  hy  the  direct  union  of  oxygen  and  a  metal,  from  those  that 
two  other  oxides  anited  with  each  other,  snd  which  therefore,  io  oompoaitioii 
of  the  nature  of  a  salt  rather  than  of  an  oxide. 

iPhU.  Tran»,  Edin.  1838,  and  PhU.  Mag,  It. 

t  For  the  method  of  preparing  pure  salts  from  common  peroxide  of 
Tomer's  EUmenU,  Sth  eel.,  p.  306. 
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n  its  colour  the  black  oxide.    It  generally  occurs  massive,  of  an    awt.v. 
thy  appearance,  and  mixed  with  other  substances,  such  as  sili- 
us  and  aluminous  earths,  oxide  of  iron  and  carbonate  of  lime.    It 

0  occurs  crystallized;  with  an  imperfect  metallic  lustre.  It  may  be 
de  artificially  by  exposing  the  nitrate  of  manganese  to  a  com- 
nciog  red  heat,  until  the  virhole  of  the  nitric  acid  is  expelled. 

154.  The  peroxide  o(  manganese  undergoes  no  change  on  expo-  Propeniw, 
e  to  the  air.     It  is  insoluble  in  water,  and  does  not  unite  either 

h  acids  or  with  alkalies.  When  boiled  with  sulphuric  acid,  it 
Ids  oxygen  gas,  and  a  sulphate  of  the  protoxide  is  formed  (365). 
th  hydrochloric  acid,  a  hydrochlorate  is  generated,  and  chlorine 
iTolved  (608).  On  expusurc  to  a  red  heat,  it  is  converted  with 
lution  of  oxygen  gas,  into  the  sesquioxide  of  manganese. 

155.  The  peroxide  of  manganese  is  employed  in  the  arts,  in  the  Um. 
Du&cture  of  glass,  and  in  preparing  chlorine  for  bleaching.    In 

laboratory  it  is  used  for  procuring  chlorine  and  oxygen  gases, 

1  in  the  preparation  of  the  salts  of  manganese. 

MB.  The  hydrated  peroxide  of  manganese  which  is  sometimes  Black  w«d, 

led  black  toad^  and  which  occurs  in  froth-like  coatings  on  other 

lerals,  is  remarkable  for  its  spontaneous  inflammation  with  oil. 

rbdf  a  pound  of  this  be  dried  before  a  fire,  and  aAerwardi  miffered  to  coo]  Spontanea 
■bout  an  hour,  and  it  be  then  loosely  mixed  or  kneaded  with  two  ounces  of  ous  inflam- 
~  oil ;  the  whole,  in  something  more  than  half  an  hour,  becomes  gradually  ii>a^o>^  <>■• 
'  at  length  bursts  into  flame.    U.  573. 


WJ7.  Rtd  oxide  Manganese.     MnO-fMn*0«,  or  2MnO+MnO»,  ^^  "*"«» 

1  3  eq.  mang.  -|~  32  ^  eq*  ozy-  =  115.1  equiv.     The  substance 

led  red  oxide  of  manganese,  oxidum  manganosthmanganicum  of 

fwedson,  occurs  as  a  natural  production,  and  may  be  formed  artifi- 

11?  by  exposing  the  peroxide  or  sesquioxide  to  a  white  heat  either 

dote  or  open  vessels.     It  is  also  prcMduced  by  absorption  of  oxygen 

m  the  atmosphere  when  the  protoxide  is  precipitated  from  its  salts 

pure  alkalies,  or  when  the  anhydrous  protoxide  or  carbonate  is 

ited  to  redness. 

158.  Fused  with  borax   or   glass  it  communicates  a  beautiful  FuMd,  9lc. 
let  tint,  a  character  by  which  manganese  may  be  easily  detected 

'ore  the  bIow*pipe ;  and  it  is  the  cause  of  the  rich  colour  of  the 
ethyst  By  cold  concentrated  sulphuric  acid  it  is  dissolved  in 
all  quantity.  The  liquid  has  an  amethyst  tint,  which  disappears 
en  heat  is  applied,  or  by  the  action  of  deoxidizing  substances. 

159.  It  may  be  doubted  whether  the  red  oxide  is  not  rather  a  Composi- 
id  of  salt  composed  of  two  other  oxides,  than  a  direct  compound  of  ^^^' 
anoese  and  oxygen.     From  the  ratio  of  its  elements  it  may  con* 

i  eilber  of 

laiyjude  .    .    79.4  or  one  eq.  >  C  Peroxide     .    .    43  7  or  one  eq. 

lioiide      .    .    35.7  or  one  eq.  5  (  Protoiide    •    .    71.4  or  two  eq. 

115.1  115.1 

rontains  27.S86  per  cent,  of  oxygen,  and  loses  6.896  per  cent. 
en  converted  into  the  green  or  protoxide.*'    T. 

Varridie.    HQK>'49MnOt  (probably),  110.84  eq.  man^.  +  66  7  eq.oxy.  s  166.8  YarrkHt. 
iv.    This  compoQDd  it  known  only  as  a  natoral  prodoction,  having  been  first  no- 
d  a  lev  years  ago  by  Phtllipe  amoaf  some  ores  of  maogancee  fomid  at  Hartshill, 
firarwiekahire.    The  leeaHt  j  of  the  miatral  soggtsted  its  aaois.    Varvieite  was  at 
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^P*^-       960.  Manganic  Acid.    Mn+30,  M,  or  MnO»,  27.7  1  eq.  ming. 

Manganic    -^  24  3  eq.  oxy.  =  51.7  equiv.     Manganese  is  capable  of  forming 

an  acid  with  oxygen.     Manganate  of  poiassa  is  generated  when  by- 

drate  or  carbonate  of  potassa  is  heated  to  redness  with  peroxide  o( 

manganese;  and  nitre  may  be  used  successfully,  prodded  the  heil 

be  high  enough  to  decompose  the  nitrate  of  potassa.* 

MiDeral  ^^'  '^^^  materials  absorb  oxygen  from  the  air  when  fated  is 

chameleoD.  Open  vessels ;  but  manganate  of  potassa  is  equally  well  fonsed  a 

close  vessels,  one  portion  of  oxide  of  manganese  then  supplying  oxy* 

gen  to  another.     The  product  has  been  long  known  under  the  nant 

of  mineral  chameleon,  from  the  property  of  its  solution  to  pastnpidlf 

through  several  shades  of  colour :  on  the  first  addition  of  cold  water, 

a  green  solution  is  formed  which  soon  becomes  blue,  purple,  and 

red  ;  and  ultimately  a  brown  fiocculent  matter,  hydrated  peroiide  rf 

manganese,  subsides,  and  the  liquid  becomes  colourless.t 

l«  Pat  equal  quantities  of  thii  lubatance  into  two  teparate  glaM  venwla,  aad  pMr 

^  on  the  one  hot,  and  on  the  other  cold  water.    The  not  aolutton  will  bavea  bHi* 

tiful  green  colour,  and  the  cold  one  a  deep  purple.  The  same  material,  with  tn* 
ter  of  different  temperatures,  assumes  various  shades  of  colour. 

Theory.  ^he  phenomena  are  owing  to  the  formation  of  manganate  of  p 

tassa  of  a  green  colour,  and  to  its  ready  conversion  into  the  red  p0- 
manganate  of  potassa,  the  blue  and  purple  tints  being  doe  to  a  tu^ 
ture  of  these  compounds.  Manganic  acid  itself  cannot  be  obtained 
in  an  uncombined  state,  because  it  is  then  resolved  into  the  hydialrf 
peroxide  and  oxygen. 

962.  Manganate  of  potassa  is  obtained  in  crystals  by  forming  i 

oi'pouu^  concentrated  solution  of  mineral  chameleon  in  cold  water,  Tery  pan 
and  free  from  carbonic  acid,  allowing  it  to  subside  in  a  stoppenl 
bottle,  and  evaporating  the  clear  green  solution  in  vacuo  witn  the 
aid  of  sulphuric  acid.  All  contact  of  paper  and  other  organic  matter 
must  be  carefully  avoided,  since  they  deoxidize  the  acid,  and  tk 
process  be  conducted  in  a  cool  apartment.  The  crystals  are  ankr* 
drous,  and  permanent  in  the  dry  state ;  but  in  solution  the  carboue 
acid  of  the  air  suffices  to  decompose  the  acid,  or  even  simple  dilntioB 
with  cold  water.  Mixed  with  a  solution  of  potassa,  the  mangault 
may  be  crystallized  a  second  time  in  vacuo  without  change. 

nkTidf*"  ^^'  P^frmanganicAcid,mn+70,'^,oTi/ln^7,5SA2eq.nm^^ 
-|-  56  7  eq.  oxy.  =  111.4  equiv.,  is  obtained. by  heating  a  solatios 
of  mineral  chameleon. 

Wohler's        The  process  of  Wohler  consists  in  fusing  chlorate  of  potana  in  a  platiaaBafr 

process.       cible,  and  addjnc  peroxide  of  manganese  in  fine  powder.    Gregory  naa  Im^tmi 

this ;  he  mixes  T  parts  of  the  peioxide  with  3A  parts  of  the  chlorala,  adds  a  H  ' 

parts  of  hydrate  of  potassa  dissolved  in  a  small  quantity  of  waler,  evaponHin 


first  mistaken  for  peroxide  of  manganese,  bnt  is  readily  distinsiiished  byits  ._ 
lustre,  grealrr  hardness,  more  lamellated  texture,  and  hy  yieldtag  water  freely 
heated  to  redness.    Its  sp.  gr.  is 4.531.    When  strongly  heated  it  la  oooverlcd  ■vii' 
oxide,  losing  6.725  per  cent,  of  water,  and  7.386  of  oxygen. 

*  One  part  of  manganese  well  mixed  with  three  or  four  of  nitra  may  be  eipasfdif  ■ 
bright  red  heat  for  half  an  hour  in  a  crucible.  The  crucible  should  be  but  oBsdirf 
full. 

t  These  changes,  which  are  more  rapid  hy  dilution  and  with  hot  water,  havi  bMi  ^ 
cetsively  elucidaied  byCheviUol  and  Edwards,  Forcbammar  and  MittdMiIki^  '*' 
deC^,§id€  Ph.  Tiii.  and  xlix.  1 13,  and  iA».  vfPhU,  sfi. 


Perjhumde  ofMmganete. 

md  MpoMt  tiM  fine  powder  in  a  platinum  eruoible  to  a  low  red  beat     8tet.  V. 
I  not  fused  it  again  powdered  and  added  to  a  large  quantity  of  boiling 
'ben  tbit  is  clear  it  is  to  be  decanted,  rapidly  concentrated,  and  crystal 
'be  crvstals  are  to  be  wasbed  in  a  little  cold  water  and  redissolved  in  tbe 
KMsable  quantity  of  boiling  water. 

icid  may  be  obtained  by  adding  to  a  solutioD  of  permanga-  Acid  ob- 
Miiyta  dilute  salphuric  acid  to  precipitate  the  baryta.  tained, 

This  acid  has  a  rich  red  colour ;  contact  with  paper  or  linen  Properties 
:ering,  particles  of  cork,  organic  panicles  floating  in  the  at- 
re  decompose  it  rapidly ;  colouring  matters  are  bleached  by 
in  pure  water  its  decomposition  begins  at  86°,  and  is  com- 
212°.  On  these  occasions  oxygen  gas  is  abstracted  or  given 
hydrated  peroxide  of  manganese  subsides. 

The  salts  of  permanganic  acid  are  more  permanent  than  the  lu  salts. 
I ;  so  that  most  of  them  may  be  boiled  in  solution,  especially 
titrated.     When  heated  tbey  give  out  oxygen  gas ;  they  de- 
like  nitre,  and  detonate  powerfully  with  phosphorus. 
In  constitution  this  acid  bears  a  remarkable  analogy  to  per-  Composi- 
icid.*  ^^"• 

Perchlaride  of  Manganese,    2Mn+7Cl,  or  Mn*Cr,  55.4  2  Perchlo- 

5.  +  247.94  7  eq.  chlor.  =  303.34  equiv.     This  compound  '><*•. 
by  putting  a  solution  of  permanganic  into  strong  sulphuric 
1  then  adding  fused  sea-salt. 

•t  mode  of  preparation  is  to  form  tbe  green  mineral  chameleon,  and  aci- 
th  sulpbunc  acid  :  the  solution,  wben  evaporated.  Iea\ei  a  residue  of 
lod  permanganate  of  potassa.  This  mixture,  treated  by  strong  salphurio 
ba  solution  of  permanganic  acid,  to  which  are  added  small  fragments  of 
■  long  as  coloured  vapour  continues  to  be  evolved.t 

The  perchloride,  when  first  formed,  appears  as  a  vapour  of  Properties. 
*  or  greenish  colour;  but  on  traversing  a  glass  tube  cooled 
it  is  condensed  into  a  greenish-brown  coloured  liauid. 
{eoerated  in  a  capacious  tube,  its  vapour  gradually  displaces 
and  soon  fills  the  tube.  If  it  is  then  poured  into  a  large  flask, 
I  of  which  are  moist,  the  colour  of  the  vapour  changes  in- 
m  coming  into  contact  with  the  moisture,  a  dense  smoke  of  a 
Me  tint  appears,  and  hydrochloric  and  permanganic  acids  are 
k1. 

bence  analogous  in  composition  to  permanganic  acid,  its  ele-  Compoti- 
eing  in  such  a  ratio  that  ^'^°' 

liloride  and  7  eq.  water  S  1  ^«  pennang.  acid  and  7  eq.  hydrochloric  acid. 
CI  7(H-K))      5.     2Mn-f70  T(H-K;1). 

PerJbioiideofM^^^  2Mn+7F.   or   MnT\  65.4  p^^„^^. 

niDg.  -|-  130.76  7  eq.  oxy.  =  186.16  equiv.  This  gase- 
npoundl  is  formed  by  mixing  common  mineral  chamele- 
half  its  weight  of  fluor  spar,  and  decomposing  the  mixture 
Linum  vessel  by  fuming  sulphuric  acid.     The  fluoride  is  then 

ekioride  f^  Manganese,  Mn+Cl,  or  MnCI,  27.7  I  eq.  maoff.  -f  36.42  1  eq. 
IS.  12  cqaiv.,  is  Mst  prepared  by  evaporating  a  solatioo  of  the  chloride  to  ProtocMorid*. 
»v  a  gentle  heat,  and  neatin^  the  resitlue  to  redness  in  a  glass  tuhe^  while  a 
hydrochloric  acid  gait  is  transmitted  through  it.  The  heat  of  a  spirit-lamp 
at  for  the  purpose.  It  fuses  readily  at  a  red  heat,  and  forms  a  pink-coloured 
I  mass  on  cooling.    It  is  deliquescent,  and  of  course  very  soluble  in  water. 

Jour,  qf  Sd,  viii.  179. 

vtied  by  Domas  and  Wehler,  Attn.  .Amt.  ^  SkLix. 
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Chap.  IV.  disengaged  in  the  form  of  a  greenish-yellow  gas  or  vapoar,  of  a  more 
intensely  yellow  tint  than  chlorine.  When  mixed  with  atmospheric 
air,  it  instantly  acquires  a  beautiful  purple-red  coloar ;  and  it  it 
freely  absorbed  by  water,  yielding  a  solution  of  the  same  red  tint 
It  acts  instantly  on  glass,  with  formation  of  fluosilicic  acid  gas,! 
brown  ma(ter  being  at  the  same  time  deposited,  which  becomes  oft 
deep  purple-red  tint  on  the  addition  of  water.*  • 

Iron. 

Sifmb,  Ft        Equiv.  88  7 

Iron.  970.  The  most  important  native  combinations  of  iron,  whenee  tht 

immense  supplies  for  the  arts  of  life  are  drawn,  are  the  ozidea.  Ini 

is  also  found  combined  with  sulphur,  and  with  several  acids  ;  it  isM 

abundant  that  there  are  few  fossils  free  from  it.     It  is  also  found  id 

some  animal  and  vegetable  bodies,  and  in  several  mineral  waters. 

Iron  is  sometimes  found  native,t  and  is  usually  regarded  as  rf 

Naure.       meteoric  origin,  for  it  is  invariably  alloyed  by  a  portion  of  the  meld 

nickel,  and  a  similar  alloy  is  found  in  meteoric  stones.     Native  bm 

is  flexible,  cellular,  and  often  contains  a  green  substance  of  a  Titreon 

appearance.     It  has  been  found  in  Africa,  in  America,  and  in  Sibt* 

ria,  where  a  mass  of  it  weighing  1600  lbs.  was  discovered  by  PsUk 

The  mass  found  in  Peru,  described  by  Don  Rubin  de  Celis,  weight! 

15  tons. 

Proptnief.      ^'^^*  ^^^^  ^^  °  metal  of  a  blue  white  colour,  fusible  at  a  white  hetL 

Its  specific  gravity  is  7.88.     It  has  not  been  so  long  known  as  maaj 

of  the  other  metals ;  it  was,  however,  employed  in  the  time  of  Hiy 

ses  for  cutting  instruments.     It  is  extremely  ductile,  bat  cannot  b 

hammered  out  into  very  thin  leaves. 

Combines       ^72.  Exposed  to  heat  and  air  iron  quickly  oxidizes,  or  in  commte 

with  ozy-    language,  rusts.     If  the  temperature  of  the  metal  be  raised,  ihii 

^°'  change  goes  on  more  rapidly,  and  when  made  intensely  hot,  tak» 

place  with  the  appearance  of  actual  combustion.     Thus  the  sani 

fragments,  which  fly  from  a  bar  of  iron  during  forging,  undergo  a 

vivid   combustion  in  the  atmosphere ;    and  iron  fllings,   projeclei 

upon  the  blaze  of  a  torch,  bum  with  considerable  brilhancy.    Tk 

oxide,  obtained  in  these  ways  is  of  a  black  colour,  and  is  still  attncl- 

ed  by  the  magnet. 

Effect  of         ^^3.  By  contact  with  water  at  the  temperature  of  the  atnftosphew^ 

wmter,  at     iron  becomes  slowly  oxidized,  and  hydrogen  gas  is  evolved.     Whti 

tempera-     *^®  Steam  of  water  is  brought  into  contact  with  red-hot  iron,  the  im 

tares.         is  converted  into  black  oxide  ;  and  an  immense  quantity  of  hydraeca 

Of  steam,   gas  set  at  liberty  (405).     The  iron  is  afterward  found  to  have  Ml 

all  its  tenacity,  and  may  be  crumbled  down  into  a  black  powder,  • 

which  the  name  o( finery  cinder  was  given  by  Priestley. 

Pdo^nphnrt.  *P»>to»ufphurct  q/Afan^aij^j^r.  Mn+S,or  MoS  27.7  I  en.fman^  -+ JS.I  I  i<,«ft 
=  43.8  e^ui?.,  may  lie  procured  bv  ignttmg  the  sulphate  with  one  sixth  of  iu  ■■i|ti« 
charcoal  in  powder.*  It  is  also  formed  by  the  action  of  hydrosalphuric  Mid  |M« 
the  protosulphaie  at  a  red  heat.t  It  occurs  nati?e  in  Cornwall,  and  at  Namiii 
TransyWania.  It  dissoltes  completely  in  dilute  sulphuric  or  hydrochloric  mSt,  «iA 
disengagement  of  ?ery  pure  hydmsulptiuric  acid  gas. 

t  Natife  iron  of  terrestrial  origin  has  been  observed  at  CanMa,  Cono.,  aad  ii  O^ 
ford  Co.  N.  C.    J.  D.  Dana's  Sj/ttem  qfMinerak^,  1837. 

•  Bsrtiilsr.  ^ArfmSmtkkiJSm.^  mfl  ^.  tH.  N.  P. 
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^4.  When  iron  is  dissolved  in  dilated  sulphuric  acid,  the  acid  is    StetT. 
lecom posed  ;  but  the  metal  is  oxidized  at  the  expense  of  the  wa-  Of  lalpha* 
nd  hydrogen  gas  is  obtained  (378).*'  ricAcid. 

be  eq.  of  iron  has  not  been  determined  with  accuracy. 

'6.  Protoxide  of  Iron,  Fe+0,  Fe,  or  FeO,  28  I  eq.  iron  +  Protondt, 
»q.  oxy.  =  36  equiv.     This  oxide  is  the  base  of  the  native  car- 
te of  iron,  and  of  the  green  vitriol  of  commerce.    It  is  doubtful 
bas  ever  been  obtained  in  an  insulated  form.    Its  salts,  particu- 
when  in  solution,  absorb  oxygen  from  the  atmosphere  with 
rapidity   that  they   may  even  be  employed  in  eudiomeiry. 
protoxide  is  always  formed  with  evolution  of  hydrogen  gas 
1  metallic  iron  is  put  into  dilute  sulphuric  acid  ;  and  its  compo- 
I  may  be  determined  by  collecting  and  measuring  the  gas  which 
lengiged. 

6.  rrotoxide  of  iron  is  precipitated  from  its  salts  as  a  white  by-  Predpita- 
by  pure  alkalies,  as  a  white  carbonate  by  alkaline  carbonates,  ^' 

IS  a  white  ferrocyanuret  by  ferrocyanuret  of  potassium.  The 
brmer  precipitates  become  first  green  and  then  red,  and  the  lat- 
jeen  and  blue  by  exposure  to  the  air.  The  solution  of  gall- 
produces  no  change  of  colour.  Hydro-sulphuric  acid  does  not 
the  protoxide  is  united  with  any  of  the  stronger  acids ;  but 
ine  bydrosulphates  cause  a  black  precipitate,  protosulphuret  of 

7.  Setquioxide  of  Iron.    2Fe-f-30,  Fe,  or  Fe^O*,  56  2  eq.  iron  Sewiuioz. 

L  3  eq.  oxy.  =  80  equiv.     The  red  or  sesquioxide  is  a  natural    *' 

let,  known  as  red  ketmatite.    It  occurs  massive  and  fibrous.     It 

He  made  by  dissolving  iron  in  nitro-hydrochloric  acid,  and  add- 

D  alkali.     The  hydrate  of  the  red  oxide,  consists  of  80  parts 

s  eq.  of  the  sesquioxide,  and  18  parts  or  two  eq.  of  water. 

9b  ft  is  not  attracted  by  the  magnet.     Fused  with  vitreous  sub-  Propertiet. 

eSp  it  communicates  to  them  a  red  or  yellow  colour.    It  com- 

with  roost  of  the  acids,  forming  salts,  the  greater  number  of 

I  are  red.     Its  presence  may  be  detected  by  very  decisive  tests, 

Mre  alkalies,  fixed  or  volatile,  precipitate  it  as  the  hydrate. 

ine  carbonates  have  a  similar  efTect,  peroxide  of  iron  not  form- 

.  permanent  salt  with  carbonic  acid.     With  ferrocyanuret  of 

liam  it  forms  Prussian  blue.     Sulphocyanuret  of  potassium 

B  a  deep  blood-red ;  and  infusion  of  gall-nuts,  a  black  colour. 

Mulphuric  acid  converts  the  sesquioxide  into  protoxide  of  iron, 

leposition  of  sulphur.     These  reagents,  and  especially  ferrocy- 

t  and  sulphocyanuret  of  potassium,  afford  an  unernng  test  of 

icaeoce  of  minute  quantities  of  sesquioxide  of  iron.    On  this 

Dt  it  is  customary,  in  testing  for  iron,  to  convert  it  into  the 

■  actioD  of  nitric  acid  on  iron  it  attended  hy  a  teriee  of  Terv  remarkable  pheoome>  acum  •#  aHrtc 

eb  have  been  recently  obserTed  hj  ScliSnoein.  He  obtenred  that  this  acid  of  tp.  *^' 

\  UMafh  capatde  of  acting  with  violence  on  ordinary  iron,  was  inert  on  an  iron 

m  extremity  of  which  had  been  previouily  mede  red-hot.    He  found,  too,  that 

lift  fence  to  nitric  acid,  may  be  commanicated,  by  mere  conuct,  from  one  iron 

•BoCber,  by  submersion  for  a  few  moments  into  strong  nitric  acid,  or  hv  making 

aaitive  electrode  of  s  gaWanic  current,  the  negative  electrode  having  Been  pre- 

inirodiiced  into  the  acid.    Under  these  circumstances  the  wire  does  not  com* 

til  tlM  oiygen  liberated.    Faraday  bas  found  that  the  same  pruperty  is  given 

bf  eaatoet  withplatioom,  and  that  tbe  eflect  ia  not  limited  to  nitric  add.    Sit 

{iki  PMMS  ia  Atf.  Mag.  aad  itim.  iacSS,  x.  183,  kt, 
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rtM»-lv.  Ijehquioiifle,  an  dbjisct  Which  h  easily  Aecomptished  by  boilinf  tki 
iolutioti  with  a  small  quantity  of  nitric  acid. 

979.  Black,  or  Magnetic  Oxide,  FeO-f  FcH)*,  36  1  eq.  pratOL 
iron  -f-  80  1  eq.  aesquiox.  iron  s=  116  equiT.  This  aubatmeei  ihi 
&xidum  Jerrosfhferricum  of  Berzeliua,  long  supposed  to  be  prolrtafc 
of  iron,  contains  mote  oxygen  than  the  protoxide,  and  lew  thn  Ik 
red  oxide.  It  cannot  be  regarded  as  a  definite  compound  of  iroBiil 
oxygen  ;  but  it  is  composed  of  the  two  real  oxides.  It  occult  oaihib 
frequently  crystallized  in  the  form  of  a  regular  octohedron  ;  and  *' ' 
not  onlv  attracted  by  the  majg^net,  but  is  itself  sometimea  mag 
It  is  always  formed  when  iron  is  heated  to  redness  in  tha 
air ;  and  is  likewise  generated  by  the  contact  of  watery  vgponriiii 
iron  at  elevated  temperatures. 

980.  The  composition  of  the  product,  however,  Tariea  widlAi 
duration  of  the  process  and  the  temperatare  which  ia  tmpl^i 
Thus,  according  to  Buchholz,  Berzelius,  and  Thomsont  100  fulM^ 
irou,  when  oxidized  by  steam,  unite  with  nearly  30  of  omn; 
whereas  in  a  similar  experiment  performed  fay  Uay-LaaHWi  Hit 
parts  of  oxygen  were  absorbed. 

991.  The  nature  of  the  black  oxide  is  farther  elacid«tod  bf  Ai 
action  of  acids.  On  digesting  the  black  oxide  in  sulphuric  ie^fca 
olive-coloured  solution  is  formed,  containing  two  salts,  ralpluairf 
the  sesquioxide  and  protoxide,  which  msy  be  separated  from  asA 
other^by  means  of  alcohol.*'  The  solution  of  these  mixed  aaha  mm 
green  precipitates  with  alkalies,  and  a  very  deep  blue  ink  with  ^Ht 
sion  of  gall-nuts.  The  black  oxide  of  iron  is  the  cauae  of  thsM 
green  colour  of  bottle  glass. 

082.  Protochloride  of  Iron.  Fe-H?l,  or  FeCI,  28  1  eo.  fata  4- 
86.42  1  eq.  chlor.  =  63.42  equiv.  This  compound  is  ranatftf 
transmitting  dry  hydrochloric  acid  gas  over  iron  at  a  red  haat,^rttt 
hydrogen  gas  is  evolved  and  the  surface  of  the  iron  ia  covtrad  iM 
a  white  crystalline  protochloride  which  at  a  stronger  heatbi^ 
limed.  Also,  on  acting  with  hydrochloric  acid  on  iron,  wliiA  b 
dissolved  with  evolution  of  hydrogen  gas,  evaporating  lo  irpm, 
and  heating  to  redness  in  a  tube  without  exposure  to  tho  air. 

963.  Protochloride  of  iron  dissolves  freely  in  water,  yialdiBf  i 
pale  green  solution,  from  which  rhomboidal  prisms  of  the  aans  t^ 
Jour  are  obtained  by  evaporation.  The  crystals  contain  stviBl 
equivalents  of  water  of  crystallization,  deliquesce  by  expaeonlsiki 
air,  owing  to  the  formation  of  sesquichloride,  and  are  solnbloiaalBsU 
as  well  as  water.  The  aqueous  solution  absorbs  oxygen  Am  At 
air,  aind  becomes  yellow  from  the  formation  of  sesquichloride  af  Jna: 
one  portion  of  iron  takes  oxygen  from  the  air,  and  yioMa  ita  < 

to  another  portion  of  iron,  whereby  sesquichloride  and 

iron  are  generated,  and  the  latter  falls  as  an  ochreoua 
bined  with  some  of  the  sesquichloride. 

984.  Semiiehloride  of  Iron,  2Fe+3Cl,  or  Fe*CP,  66  2  •f.ini 
+  106.26  3  eq.  chlor,  =  162i26  equiv.,  is  formed  bytheeeiri«ti« 
of  iron  wire  in  dry  chlorine  gas,  and  by  transmitting  that  gas 
iron  moderately  heated;    when  it  is  obtained  in  email  indsi 
plates  of  a  red  colour,  which  are  volatile  at  a  heat  a  little  abdifs  ttfi 
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ice  readily,  and  dissolve  in  ?rater,  alcobol,  and  et^r.    On    ffBt.v. 
^  ether  with  a  strong  aqueous  solution  of  the  sesauichloride, 
r  abstracts  a  part  of  it,  and  acquires  a  gold-yellow  colour* 
diest  mode  ot  obtaining  a  solution  of  the  sesquichloride  is  to  y^juau 
sesquiozide  of  iron  in  hydrochloric  acid.    On  concentrating  ' 

insistence  of  syrup  and  cooling,  it  separates  as  red  crystals, 
y  distillation  yield  at  first  water  and  hydrochloric  acid,  and 
hydrous  sesquichloride  of  iron,  leaving  a  compound  of  sesqui- 
id  sesquichloride  of  iron  in  crystalline  laminie. 
Protiodide  of  Iron.  Fe-f  I,  or  Fel,  38  1  eq.  iron  -f- 126^  Prododidt, 
1.  =  154.3  equiv.  It  exists  as  a  pale  green  solution  when 
I  digested  with  water  and  iron  wire,  the  latter  being  in  ex- 
ad  on  evaporating  the  solution,  without  exposure  to  the  air, 
fss,  and  heating  moden^tely,  the  protiodide  is  fused,  and  on 
becomes  an  opa<^ue  crystalline  mass  of  an  iron-gray  colour 
allic  lustre.     It  is  deliquescent  and  very  soluble  in  water  and 

Its  aqueous  solution  attracts  oxygen  rapidly  from  the  air^  un-  SolatioB, 
I  the  same  kind  of  change  as  the  protochloride :  to  preserve 
m  of  protiodide  as  such,  a  long  piece  of  iron  wire  should  be 
'maocotly  in  the  liquid.    This  compound  has  been  very  sue-  Um. 
f  employed  in  medical  practice.* 

Sulpkurtts  of  Iron.  These  elements  have  for  each  other  a  Svlpkarttt. 
ibly  strong  affinity,  and  unite  under  various  circumstances 
everal  proportions.  The  two  lowest  degrees  of  sulphura- 
\  Utrarulphuret  and  disulpkurtt,  were  prepared  by  Arfwed- 
transmittinff  a  current  of  hydro|*en  gas,  at  a  red  heat,  over 
pdrous  disuTphate  of  sesquioxide  of  iron  to  procure  the  tetrasUi- 
and  over  anhydrous  sulphate  of  protoxide  of  iron  for  the 
iret.  In  both  cases  sulphurous  acid  and  water  are  evolved, 
resulting  sulphurets  are  left  as  grayish-black  powders,  »us- 
of  a  metallic  lustre  by  friction.  They  both  dissolve  in  dilute 
ic  acid  with  evolution  of  hydrogen  and  hydrosulphuric  acid 

Prototulphurtt  of  Iron,  Fe+S,  or  FeS,  2S  1  eq.  iron  +  PrototoU 
!q.  sulph.  =  44.1  equiv.,  is  prepared  by  heating  thin  laminn  plt«>«(* 

iodide  qf  Inm,  3Fe+3l,  or  Fe*!'.  SS  S  eq.  iron  +  378  t  3  eq.  iod.  k  434  9 
I  yellow  or  ortDse  colour  aoeordto^  to  the  ttrensth  of  the  eolytioo,  in  obtain- 
If  eipoting  a  sofution  of  the  protiodide  to  the  air,  or  di^tinv  iron  wire 
M  of  iodine,  ^ntly  evaporatini^  and  nahiiiainc  the  aeeqaiodide.  It  it  a  Tola- 
mpound,  deltqaeecenl,  aad  solahle  in  water  and  alcohol. 
imiUUa  of  iron  are  formed  under  timUar  conditiooi  to  the  chloridea  aod 
■d  are  Tery  analogoae  to  them  in  their  |m^ertiea. 

mridt  (tf  Inn,  S8  1  eq.  iron  -f  18.68  1  eq.  flaor.  a  46.68  ii  bett  pre- 
AiiaoWing  iron  in  a  aolotion  of  hydroSaoric  and,  out  of  which  it  ciretalliiee 
I  bcoomee  satarated,  in  small  white  equare  tahlee^  which  ara  tparinafy  soluble 
and  become  pale  yellow  by  the  action  ot  the  air.  By  heat  the^pait  with 
IT  of  crystalluation,  aad  aAerwards  bear  a  red  heat  without  decompoaitioa. 

Umide  qf  Irrni,  9Fe+3F,  or  F«>F3,  H  a  eq.  iron  +  66.04  3  ea.  ilaor.  = 
■iv.,  is  fiirmed  by  dissolnng  eeeaatonde  of  iron  in  h][drofluoric  add  aod  yields 
M  tolation  even  when  tatorated.  By  evaporation  it  is  left  as  a  cry sul  line 
.  paie  flash-colour,  and  of  a  mild  aitrtngent  taste.    It  is  sparingly  soloUc  in 

mn^kwrd  qf  Iran,    4FH-S,  or  F^^S,  lit  4  eq.  inn  + 16.1  l  eq.  salph.  a 

IT. 

hamlqfirwi.  aF^+«»«rFM,SSSaq.iroB-f  IS.1 1  aq.  •alph.wra.lcqiiiv. 
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Qm^iv.  of  iron  to  redness  with  sulphur  in  a  coYered  Hessian  cmcihle,  and 
continuing  the  heat  until  any  excess  of  sulphur  is  expelled.  The 
iron  is  found  with  a  crust  of  protosulphuret^  which  is  brittle,  0(1 
yellowish-grray  colour  and  metallic  lustre,  and  is  attracted  by  the 
magnet.  When  pure  it  is  completely  dissolved  by  dilate  salpoorie 
acid,  yielding  pure  hydrosolphuric  acid  (754).  The  protoaalphoictrf 
iron  exists  in  nature  as  an  ingredient  in  variegated  copper  pyritei ;  nl 
it  falls  on  mixing  hydrosulphate  of  ammonia  with  sulpnate  of  |i» 
toxide  of  iron  as  a  black  precipitate,  which  oxidizes  rapidly  l« 
absorbing  oxygen  from  the  air,  as  soon  as  the  excess  of  hydrasat 
phate  of  ammonia  is  removed  by  washing. 
ScMoUol.  ^®^'  Seiquisulphuret  of  Iron,  2Fe+3S,  or  Pe'S',  06  2  eq.  iraa  + 
p£SSt°'  48.3  3  eq.  sulph.  =  104.3  equiv.,  is  formed  in  the  moist  way  If 
adding  sesquichloride  of  iron  drop  by  drop  to  hydrosolphate  of  am- 
monia or  suiphuret  of  potassium  in  excess,  and  falls  as  a  black  pnfr 
pitate,  which  is  oxidized  readily  by  the  air.  In  the  dry  way  it  ■ 
slowly  produced  by  the  action  of  hydrosulphuric  acid  gas  on  sesq» 
oxide  of  iron  nt  a  heat  not  exceeding  212^,  water  being  also  forael; 
and  by  the  action  of  the  same  gas  on  the  hydrated  sesqaioxidetf 
common  temperatures.  This  suiphuret,  when  anhydroas.  hsi  • 
yellowish-gray  colour,  is  not  attracted  by  the  magnet,  and  disMh* 
m  dilute  sulphuric  or  hydrochloric  acid,  yielding  bydroealphvk 
acid  and  a  residue  of  bisulphuret  of  iron.* 
Bifolphn.  ^^-  Bisulphuret  of  Iron,  Fe+2S,  or  FeS*,  28  1  eq.  iroa  + 
nt  32.2  2  eq.  sulph.  =  60.2  equiv.    This,  the  iron  pyrites  of  miosnl^ 

gists,  exists  abundantly  in  the  earth.  It  occurs  in  cubes  or  seat 
allied  form,  has  a  yellow  colour,  metallic  lustre,  a  density  of  49BI, 
and  is  so  hard  that  it  strikes  fire  with  steel.  Some  varieties  haaB  i 
white  colour ;  but  these  usually  contain  arsenic.  Others 
rounded  nodules,  have  a  radiated  structure  divergent  from  a 
centre,  are  often  found  in  beds  of  clay  and  are  much  disposed  hylk 
influence  of  air  and  moisture  to  yield  sulphate  of  protoxide  of  iisa 
Action  of  ^^^*  Bisulphuret  of  iron  is  not  attacKed  by  any  of  the  acids  ex* 
acids.  cept  the  nitric,  and  its  best  solvent  is  the  nitro-hydrochloric  adi 
Heated  in  close  vessels  it  gives  off  nearly  half  its  sulpbart  and  ii 
converted  into  magnetic  iron  pyrites. 
ll,jnetic.  ^^-  Magnetic  Pyrites.  6FeS+FeS«,  60.2  1  eo.  bisnlph^of  i 
-f-  220.5  5  eq.  protosuph.  of  iron  =  280.7  equiv.  This  b  a ' 
product,  termed  magnetic  pyrites  from  being  attracted  bv  the  BM^aSb 
and  was  formerly  regardecT  as  protosulphuret  of  iron ;  bat  it  bht  k 
regarded  as  a  compound  of  bisulphuret  and  protosalphuret  til 
formed  by  heating  the  bisulphuret  to  redness  in  close  TOisols,  If 
fusing  iron  filings  with  half  their  weight  of  sulphur,  or  by  fvtliif 
sulphur  upon  a  rod  of  iron  heated  to  whiteness  (754).  It  yieldshf 
drosulphuric  acid  gas.t 

^Bmelius. 

t  Diphotphwret  qf  Iron,    SFe+P;  or  Fe^,  $6  2  eq.  iron  +  16.7  I  cq.  pho^ 
71.7  cKiniT.    It  ii  prepired  by  erpotiog  the  f^otphmte  of  proioiile  of  iraa  ■•  • 

heat  io  a  covered  crucible  hoed  with  charcoal,  the  eioesa  -'  '^'^ — ■- ^-^ — 

oated  ID 
Driule,  I 
lie  iroD, 
mon  traiperatorefl^ 

PtrphM,  if  Inn,  SFVHP,  or  Fa>P«,  94  S  aq.  iratt+iS.S  I  aq.  ybniph.MMiJtti'- 
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SMB.  Carburets  of  hon.    Iron  combines  with  carbon  in  varioas    g«ct.  ▼. 
proportions ;  and  the  varieties  of  proportion  occasion  great  differ-  Cuimrau. 
eaces  of  properties  in  the  compounds.    On  these  varieties,  and  the 
occasional  combination  of  a  small  proportion  of  oxygen,  depend  the 
qaalities  of  the  different  kinds  of  iron  used  in  the  arts,  as  cast-iron, 
steel,  ^cc  &c. 

994.  The  substance  termed  Grapkite^  Plvmbago^  and  Black  lead^  is  Gnphit*, 
s  mechanical  mixture  of  charcoal  and  iron  ;  the  artificial  graphite 
b  s  real  carburet.    The  last  may  be  formed  by  exposing  iron  with 
excess  of  charcoal  to  a  violent  and  long  continued  heat 

The  first  is  not  an  uncommon  mineral,  though  rarely  found  ofUaet. 
anfficient  purity  for  the  manufacture  of  pencils  :*  the  coarser  kinds 
end  the  dust,  are  melted  with  sulphur  to  form  common  carpenters' 
pencils :  crucibles  are  sometimes  made  of  it,  and  it  forms  an  ingredi- 
ent in  compositions  for  covering  cast-iron,  and  for  diminishing  fric- 
tion in  machines.    It  contains  from  4  to  10  per  cent,  of  iron. 

996.  Plumbapfo  bums  with  great  difilculty :  when  intensely  heat-  Effect  of 
ed  in  a  ToriceUian  vacuum  by  a  Voltaic  battery,  Davy  found  that  its  heat,  Ac. 
eheiacters  remained  wboUy  unaltered,  neither  could  any  evidence  of 

its  containing  oxygen  be  derived  from  the  action  of  potassium.  But 
wiien  exposed  to  the  focus  of  a  powerful  burning  lens  in  oxygen  gas, 
it  was  observed  that  the  gas  became  clouded,  and  that  dew  was  de- 
poaitedi  indicating  the  presence  of  hydrogen  or  of  water.t 

996.  An  extremely  important  part  of  the  chemical  history  of  iron  varietiet 
leletes  to  the  varieties  of  the  metal  which  are  found  in  commerce,  of  inm, 
These  are  much  too  numerous  to  be  dwelt  upon  here ;  the  principal 
ef  them  are  cast  tron^  wrought  trtm^  and  steel. 

Of  cast  iron,  there  are  two  principal  varieties,  distinguished  by  the  Cut  iron, 
terms  wkUe  and  gray.    The  first  is  very  hard  and  brittle,  and  when 
hvekan.  of  a  radiated  texture.    Acids  act  upon  it  but  slowly,  and 
ezhihit  a  texture  composed  of  a  congeries  of  plates,  aggregated  in  va- 
rioot  positions. 

Gray  or  mottled  iron  is  softer  and  less  brittle ;  it  may  be  bored  Gray  iron. 
end  tamed  in  the  lathe.  When  immersed  in  dilute  hydrochloric 
ecid,  it  affords  a  large  quantity  of  black  insoluble  matter,  which 
Danieli  considers  as  a  triple  compound  of  carbon,  iron,  and  silicon, 
end  which  has  some  very  singular  properties.  The  texture  of  the 
Betel  resembles  bundles  of  minute  needles. 

Cast  iron  always  contains  impurities,  such  as  chaKoal,  undecom- 
poaed  ore,  and  earthy  matters,  which  are  often  visible  by  mere  in- 
apaction ;  and  sometimes  traces  of  chromium,  mancanese,  sulphur, 
phoephoras  and  arsenic  are  present.  It  fuses  readily  at  2786  F.,t 
whicn  18  a  full  red  heat,  and  in  cooling  it  acquires  a  crystalline  gra- 
nular texture. 

997.  Cast  iron  is  converted  into  wrought  iron  by  a  curious  pro- 
cess, called  puddling.    The  cast  iron  is  put  into  a  reverberatory  Tur-  ProceM  of 
Bace»  and  when  in  fusion  is  stirred,  so  that  every  part  may  be  ex-  pv^^ius* 
poaed  to  the  air  and  flame.    AAer  a  time  the  mass  heaves,  emits  a 

•  8m  a  deecriptioo  of  the  mine  at  Borrowdale,  in  Bott,  Jour.  Philm.  ii.  339. 

t  Oa  the  faaion  of  plambaso  by  meana  of  Hare'a  deflagntor,  tee  Amtr,  Jour.  ti. 
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cinpbiv.  blue  flame,  and  gradually  grows  tough  igad  beeomea  kaa  iiisDili,  woi 
at  length  congeals.    In  that  state  it  is  passed  sQcceaaiTeiy  hftliwa 
rollers,  by  which  a  large  quantity  of  eztraneoua  metier  ie  aquesml 
out,  and  the  bars  are  now  malleable.    They  are  cat  into  piaeM, 
placed  in  parcels  in  a  very  hot  reverberatory  fomacei  and 
nammered  and  rolled  out  into  bars.    They  are  thus  reodeiad 
tough,  flexible  and  malloabie,  but  much  less  fusible. 
Difleranoe,      ^^  The  difierence  in  the  quality  of  the  two  kinds  of  caaliisi, 
in  quality,  i^ppears  owing  to  the  mode  of  combination,  rather  tkan  to  a  4iii^ 
ence  in  the  proportion  of  carbon-    According  to  KarstaOi  the 
of  the  white  is  combined  with  the  whole  mass  of  iron,  and 
as  a  maximum  to  6.26  per  cent. ;  the  gray,  on  the  conUaiyi 
tains  from  3.15  to  4.65  per  cent*  of  carbon,  of  which  abom  thwt 
fourths  are  in  the  state  of  graphite. 
Stmetim       ^^'  A  bar  of  wrought  iron,  when  its  texture  is  esaaiinad  ia4p 
of  wrought  mode  pointed  out  by  Daniell,  presents  a  fasciculated  appearance  ihi 
^'"^         fibres  running  in  a  parallel  and  unbroken  course  tbfoufl^Oitf  iii 
length.    This  structure  may  be  well  seen  by  tearing  a  hv  |f 
wrought  iron  asunder. 

1000.  Steel  is  commonlv  prepared  by  the  process  of  oameMi 
^^^*^-        which  consists  in  filling  a  large  furnace  with  alternate  strata  of 

of  the  purest  malleable  iron  and  powdered  charcoal,  cloaiitf 
aperture  so  as  perfectly  to  exclude  atmospheric  air,  and  ^f>irptiy  lb 
whole  during  several  days  at  a  red  heat.    By  this   treatmesit  At 
iron  gradually  combines  with  from  1.3  to  1.75  per  cent  of  caiblii 
its  texture  is  greatly  changed,  and  its  surface  is  kiiierei.     It  istfl^ 
sequentlv  hammered  at  a  red  beat  into  small  bars  and  baalea,  ft  ii 
then  called  tilted  sted;  and  this  broken  up,  heated*  welded  aal 
again  drawn  out  into  bars,  forms  Aear  sted.    Hackintoah  of  Ght* 
gow,  has  introduced  an  elegant  process  of  forming  steel  by 
heated  iron  to  a  current  of  coal  gas;  when  caiHburetted  h 
is  decomposed,  its  carbon  enters  into  combination  with  iron, 
drogen  gas  is  evolved. 

1001.  In  ductility  and  malleability  it  is  far  inferior  to  iieo ;  tat 
ProjwrtiM.  exceeds  it  greatly  in  hardness,  sonorousness,  and  ehsticity.    b 

texture  is  also  more  compact,  and  it  is  susceptible  of  a  higher  polftk 
It  sustains  a  full  red  heat  without  fusing,  and  is,  therefore,  Isas  fni* 
ble  than  cast  iron ;  but  it  is  much  more  so  than  malleable  iroa.  % 
fusion  it  forms  cast  steel,  which  is  more  uniform  in 
and  texture,  and  possesses  a  closer  grain  than  ordinarv  ated. 

1002.  When  steel  is  heated  to  a  cherry-red  coloar.  and 
plunged  into  cold  water,  it  becomes  so  extremelv  hard  and  hrildibl> 
to  be  unfit  for  almost  anv  practical  purpose.    To  reduce  it  frsn  A* 

Ttmper-     extreme  hardness,  is  called  by  the  workmen  tempering^  and  is  i^ 
iiif^  fected  by  again  heating  the  steel  to  a  certain  point.    The  saifai 

being  a  little  brightened  exhibits,  when  heated,  variont  edtm^ 
which  constantly  change  as  the  temperature  is  increaaad»  aal  tf 
these  colours  it  has  been  customary  to  judge  of  the  temper  sf  A^ 
steel.* 


Diet.  art.  hon^PhU.  Mog,  ii.— SapplenMnt  to  Aicyotqp.  Brii.^RtmH  sf  9 
Anoc.  i837-^)amt* TrmUiUChim. iv.  SM, tndnonsoefs bmg,  Ckam^'iMi^^ 


1003.  Steel  admits  of  being  alloyed  with  eereral  other  m^ls^and    f^t-  ▼■ 
the  alloyi,  as  appears  from  a  recent  infestigation  of  Stodart  and  aUojb. 
Faraday*  are  applicable  to  varions  uses. 

Zinc. 

iS^.  Zii    £711^9.18.3 

1004.  This  metal  is  obtained  from  carbonate  of  zinc  or  calamine  On, 
mnd  from  the  native  sulphuret  or  blende.^    The  rinc  of  commerce  or 
spdier^  is  generally  impure,  containing  sulphu/,  lead,  arsenic,  cop- 

rf  kc.    Ix  may  be  freed  from  these  l:y  distillation  at  a  white  heat  Reductioi 
fern  earthem  retort,  to  which  a  receiver  fbll  of  water  is  adapted ;  of- 
tat  the  first  portions  should  be  rejected  as  liable  to  contain  arsenic 
mod  cadmium. 

1005.  Zinc  is  a  bluish  white  metal,  its  specific  gravity  varies  from  propertits 
6.8  to  7.1,  it  is  malleable  at  300°,  but  very  brittle  when  its  tempera-  ^  s^>^ 
tore  approaches  that  of  fusion,  which  is  about  773°. t    It  is  some- 
what ductile,  but  its  wire  possesses  little  tenacity. 

At-a  red  heat  it  takes  fire,  bums  with  a  bright  flame,  and  is  con- 
verted into  a  white  flocculent  substance,  formerly  called  pamphoiix^ 
fukil  alinmf  and  JUnoers  of  zinc. 

It  is  also  oxidized  by  dilute  sulphuric  or  hydrochloric  acid,  and  Oiidized. 
the  hjfdrogen  evolved  contains  a  small  quantity  of  metallic  zinc  in 
eombination^^ 

1006.  Protazide  of  Zinc.    Zn+0,Zn,  or  ZnO,  32.3  1  eq.  zinc  Pracouls. 
«^-8  1  eq.  oxy.  =  40.3  equiv.    This  is  the  only  oxide  of  zinc  which 

acta  as  a  anlifiable  base,  and  the  only  one  of  known  composition. 
It  la  generated  during  the  solution  of  zinc  in  dilute  sulphuric  acid, 
mad  amy  be  obtained  in  a  dry  state  by  collecting  the  flakes  which 
riae  daring  the  combustion  of  zinc,  or  by  heating  the  carbonate  to 
radnaai.  At  common  temperatures  it  is  white ;  but  when  heated  to 
low  redness,  it  assumes  a  yellow  colour,  which  gradually  disap- 
peaia  en  cooling.  It  ia  quite  ftced  in  the  fire.  It  is  insoluble  in 
water. 

1007.  The  protoxide  is  precipitated  from  its  solutions  as  a  white 
hydrate  by  pure  potassa  or  ammonia,  and  as  carbonate  by  carbonate 
m  ammonia,  but  is  completely  redissolved  by  an  excess  of  the  pre- 
cipitant. The  fixed  alkaline  carbonates  precipitate  it  permanently 
aa  white  carbonate  of  protoxide  of  zinc. 

When  metallic  zinc  is  exposed  for  some  time  to  air  and  moisture,  Actkn  of 
or  b  kept  under  water,  it  acquires  a  superficial  coating  of  a  gray  ^^^'' 
matteft  which  Berzelius  describes  as  a  sub^nide.    It  is  probably  a 
■riztiire  of  metallic  zinc  and  the  protoxide. 

MMB.  Chloride  of  Zinc.    Zn-f  CI,  or  ZnCl,  32.3  1  eq.  zinc  +  Chloride. 
3&42  1  eq.  chlor.  =  67.72  equiv.    This  compound  is  formed,  with 
erolation  of  heat  and  light,  when  zinc  filings  are  introduced  into 
chlorine  gas ;  and  it  is  readily  prepared  by  dissolving  zinc  in  hy- 

•  Fka,  Tnm,  ISSS,  and  Botton  Jour,  PkUm.  i.  130. 

t  For  tb«  pmoMi  we  Brude  ii.  48.       t  Dtaiell. 

f  Zioc  may  be  obuined  in  tmtU  fragmenti  for  iDtroduetion  into  a  retort  in  pre- 
puisf  hydrofrn  fsa,  bj  dropping  it  in  fvtioD  into  cold  water.  A  preferable  metliod 
IS  10  cast  it  into  baia  or  about  quarter  of  an  inch  in  diameter  and  aftenrarda  break 
^- lass  fiiSissrabovt  half  aa  inch  ialenith.    W. 
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d^p^iv.  drocbloric  acid,  evaporating  to  drynees,  and  heating  the  leaidiw  in 

a  tube  through  which  dry  hydrochloric  acid  gaa  if  transmitted,    k 

is  colourless,  fusible  at  a  heat  a  little  above  212^,  has  a  soft  eoui^ 

tence  at  common  temperatures,  hence  called  butter  of  zinCf  sabUncs 

at  a  red  heat,  and  deliquesces  in  the  air. 

Sulphnret       1009.  Stdphuret  of  Zinc.    Zn-j-S,  or  ZnS,  32.3  1  ea.  itne  -f 

or  blende.    16.1  1  eq.  sulph.  =  ^.4  equiv.     This  compound  it  well  nowDll 

mineralogists  under  the  name  of  zinc  Hende,  and  ocean  ia  iakt 

cahedral  crystals  or  some  allied  form.    Its  structure  is  hmelfclsi 

lustre  adamantine,  and  colour  variable,  being  sometimes  yeUoWtiii 

brown,  or  black.    It  may  be  formed  artificially  by  ignitingi  ia  t 

closed  crucible,  a  mixture  of  oxide  of  zinc  and  sulpnar,  or  auUiii 

of  oxide  of  zinc  and  charcoal,  or  by  drying  the  hydrated  aoIiMHil 

of  zinc.     Zinc  combines  also  with  lodme.  Bromine  and  FlmriMi 

Ueesof  1010.  It  has  been  proposed  to  apply  zinc  to  the  purpose  of  eJt 

'^'^  nary  vessels,  pipes  for  conveying  water,  sheathing  for  ahiWi  fa.; 

but  it  is  rendered  unfit  for  the  first  object,  by  the  facility  wiu  vhiA 

the  weakest  acids  act  upon  it,  and  for  the  remaining  onetv  by  ito  csa* 

siderable  though  slow  oxidation,  when  exposed  to  the  operatioarf 

air  and  moisture.* 

Cadmhinu 

r^minm  1011.  This  metal  discovered  by  Stromeyer  in  1817,  h  cooinMi 
in  certain  ores  of  zinc,  and  especially  in  the  blMk  Jtiromi  Hmk 
of  Bohemia.  It  has  been  detected  in  the  calamine  of  DeriiyalM 
and  in  the  zinc  of  commerce,t  and  in  the  sublimate  which  is  Ai 
process  for  obtaining  zinc,  rises  before  that  metal,  formiog  what  Ai 
workmen  call  the  brown  blaze.t  It  was  called  cadmtaoi  bm 
uadfuia^  a  term  applied  both  to  calamine  and  to  the  volatile 
which  rise  from  the  furnace  in  preparing  brass* 

Sfparaticm      1012.  A  very  elegant  process  ior  separating  zinc  from 

of,  was  proposed  by  Wollaston.    The  solution  of  the  mixed   metabii 

put  into  a  platinum  capsule,  and  a  piece  of  metallic  zioc  ia  / 
in  it.    If  cadmium  is  present,  it  is  reduced,  and  adherea  ao' 
ciously  to  the  capsule,  tbst  it  may  be  washed  with   water 
danger  of  being  lost.    It  may  then  be  dissolved  either  by 
dilute  hydrochloric  acid.4 

Ptopertict.  1013.  Cadmium,  in  colour  and  lustre,  has  a  strong  resemUaMSH 
tin,  but  is  somewhat  harder  and  more  tenacious.  It  ia  rerj  Aaedb 
and  malleable.  Its  sp.  gr.  is  8.604  before  being  hammeredl  m1 
S694  afterwards.  It  melts  at  about  the  same  temperatara  asi^ 
and  is  nearly  as  volatile  as  mercury.    When  heat^  ia  the 


1 


*  b  has  been  emploTed  in  the  U.  S.  u  •  corering  for  the  roofr  of  hailiHMsKir 
in  nnny  litoationi  qaite  unfit  for  that  porpoae.  See  a  paper  on  this  saUiallf  M 
in  Amer,  Jour.  vol.  xxxii.  316. 

t  ilnn.  qf  Phiht.  xr.  272,  and  N.  a  iii.  123. 

t  Ann.  PhiloB.  iii.  436.    Some  portioaa  of  thia  aohaianct  yieldad  inna  It  laM  P    t 
Qint.  of  cadminm.    Ann.  of  PhUoi.  xiv.  and  zvii.  * 

i  For  Straiiie7er*s  proceu  tee  Turner,  p.  321. 
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mir,  it  absorbs  oxygen,  and  is  converted  into  an  oxide,  and  is  readily    9t€UY. 
Qzidixed  and  dissolved  by  nitric  acid,  which  is  its  proper  solvent.* 

Tin. 

Symb.  Sn    Equiv.  68.9 

1014.  The  properties  of  tin  must  be  examined  in  the  state  of  Tin. 
grain-tin  or  block  tin ;  what  is  commonly  known  by  the  name  of 
tin,  being  nothing  more  than  iron  plates  with  a  thin  covering  of  this 
netal.     Several  varieties  of  tin  are  met  with  in  comroerce.t 

1015.  This  metal  has  been  known  from  the  remotest  ages.  It 
was  in  oimmon  use  in  the  time  of  Moses,  and  was  obtained  at  a 
Tcrv  early  period  from  Spain  and  Britain  by  the  Phanicians.t 

The  native  oxide,  found  in  Cornwall  and  some  other  counties,  is 
the  principal  ore  of  tin  ;6  the  metal  is  obtained  by  heating  it  to  red-  To  obtaia 
oesa  with  charcoal.     To  obtain  pure  tin  the  metal  should  be  boiled  par^^B- 
io  nitric  acid,  and  the  oxide  which  falls  down   reduced  by  heat  in 
contact  with  charcoal  in  a  covered  crucible.ll    U. 

1016.  Jin  has  a  silvery  white  colour,  is  considerably  harder  than 

lead,  scarcely  at  all  sonorous,  very  malleable,  .though  not  very  te-  Proptrtitt. 
nacious.  Under  the  hammer  it  is  extended  into  leaveSf  called  titi' 
fmit  which  are  about  -^^js-^  of  an  inch  "thick.lF  Its  sp.  gr.  is  about 
7.291.  It  melts  at  442^,  and  by  exposure  to  heat  and  air  is  grad- 
ually converted  into  a  gray  protoxide.**  Placed  upon  ignited  char- 
coal under  a  current  of  oxygen  gas,  it  burns  very  brilliantly. 


*  OLrufe  ^f  Cadmium.    Cd+O,  Cd,  or  CdO,  65.8  1  m.  cad.  +  8  1  eq.  cny.  s=  63.S 
laiT.    The  on\j  kaown  oxide  of  c<u/ifuum,  it  prepared  hy  igniting  iti  carixwate,  haa 


«■  •nags  eulour,  u  fixed  in  the  fire,  and  ia  iuaoluLle  in  water. 

SiUphMTti  of  Cadmium,  Cd4S,  or  CdS,  66.8  I  eq.  cad.  +  16.1  I  eq.  »al|))i.  =71.9 
«i|viT.  It  oGcura  in  iniztiire  or  comhinBiion  in  some  kinda  of  lioc  blende.  '  Cadmiam 
cwatiima  vith  Chlorine,  Iodine  and  Fluorine. 

t  For  ika  itiecnmiDation  of  which  and  the  meansof  judginc  of  ita  pnritVi  Vaoqaelia 
haa  givea  vaefui  instructions  in  the  mh  vol.  of  the  Ann.  de  Oiim  ana  an  intereat- 
iag  aocoiMt  of  the  ores  of  tin,  and  of  the  processes  for  extracting  the  metal  ia 
Csimwall,  haa  been  given  by  Taylor  ia  the  6th  toI.  of  the  TnuiM.  GeoU^,  Soc. 


t  Pliay,  lib.  iT.  cap.  34.  and  xxxiT.  cap.  47. 

f  Id  Bonw  of  the  valleys  of  Cornwall,  tin  is  found  in  rpunded  nodules,  of  Tsrious  ■«,— ^  na. 
siaea,  mixed  with  pelibles  and  rounded  fragments  of  rocks.    To  separate  the  tin  from 
the  alia  vial  mauer.  currents  of  water  are  passed  over  it,  and  hence  these  deposits 
'^"^  haen  railed  #(ream  ttorkt,  and  the  tin  ore,  stream  tin.    A  modification  of  stream 
Ikd  voairf  tin.    It  usually  appeara  in  small  banded  fragments  of  globular 


I  TIm  praeess  is  desrrihed  at  length  in  Aikin'a  Did-  Art.  Tin. 

Y  Thf  pwocess  of  making  tin-foil  consists  simpiv  in  hammering  out  a  aumher  of 
of  the  metal,  laid  together  upon  a  smooch  block  or  plate  of  iron.  The  smallest 
tie  the  ihinnesc. 


**  A  pmaratioo  under  the  name  o( powdered  tin  is  aomctimea  directed  to  be  prO' 
parrd  far  Miamiaoeutical  use,  by  shaking  the  melted  metal  io  a  wooden  box  mmd 
%itli  chalk  on  the  inside:  tin  JUum  have  also  a  place  in  some  Pharmaeoooei^,  and 
httsia  hoca  «»ed  as  a  vermifuge  These  preparations  are,  however,  both  dangerous. 
IW  B«tal  bring  rendered  poisonous  in  the  i«»rmer  case  liv  a  slight  oxidation,*  and 
vfien  creaimg  ver)'  dangerouK  irritation  when  aiving  in  fitings. 

The  mmree  melailioue,  or  crystal liced  tin  plate  as  it  is  called,  ia  prepared  as  fol-  ^^^^^      ^ 
lova      The  sheet  or  pisie  of  tmned  iron  \n  heated  until  a  drop  of  water  alio  wed  to  i,^^, 
laH  Qpoo  ita  surface  liegins  to  Imil  iromediateljr ;  one  of  the  siiles  is  then  washed  with 
%  aUtura  of  4  parts  by  measare  of  water,  1  of  nitric  and  I  of  hydrochloric  add.  The 

•OrSlat  fVBiitOMPM«Mii^T.l.aBMpaitte,pi  IS. 
%4 
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/^^^!?ii!L  1017.  Protoxide  of  Tin.  Sn+0,  Sn,  or  Sno,  58.9  1  eq.  lin.+S 
Protoxide,  1  gq.  oxy.  =  66.9  equiv.  When  protochloride  of  tin  in  solntion  is 
mixed  with  an  alkaline  carbonate,  hyd rated  protoxide  of  tin  falb, 
which  may  be  obtained  as  such  in  a  dry  form  by  washing  widi 
warm  water,  and  drying  at  a  heat  not  above  196^,  with  the  icait 
possible  exposure  to  the  air.  The  best  mode  of  obtaining  the  anhy* 
drous  protoxide  is  by  heating  the  hydrate  to  redness  in  a  tube  fron 
which  air  is  excluded  by  a  current  of  carbonic  acid  gas.  The  sanw 
oxide  is  formed  when  tin  is  kept  for  some  time  fused  in  an  open 

sel.    T.  323. 

ProfMrties,       1018L  Protoxide  of  tin  has  a  sp.  gr.  of  6.666.     At  common 

peratures  it  is  permanent  in  the  air,  but  if  touched  by  a  red  hsi 
body,  it  takes  fire  and  is  converted  into  the  binoxide.  It  is  dissolfsl 
by  the  sulphuric  and  hydrochloric  acids,  as  also  by  dilute  nitric 
acid  ;  and  the  pure  fixed  alkalies'  likewise  dissolve  it  From  the 
alkaline  solution,  metallic  tin  is  gradually  deposited,  and  binoxide  of 
tin  remains  in  solution. 
Characters  1019.  Its  salts  are  remarkably  prone  to  absorb  oxygen^  both  bm 
of  it!  nits,  jjjp  jjjj^  j^jjj  fjj.Qj^  compounds  which  yield  oxygen   readily.     Thwit 

converts  sesquioxide  of  iron  into  protoxide,  and  throws  down  fflc^ 
cury,  silver,  and  platinum  in  the  metallic  state  from  their  sshL 
Parple  of  With  a  solution  of  gold  it  causes  a  purple  precipitate,  the  purwk^ 
assius.  CassiuSj  which  appears  to  be  a  compound  of  binoxide  of  tin  and  p» 
toxide  of  gold.*  By  this  character  protoxide  of  tin  is  recoganil 
with  certainty.  It  is  thrown  down  by  hydrosulphuric  acid  as  bhd 
protosulphuret  of  tin. 

Sesquiox-        1020.  Sesquioxide  of  Tin,  2Sn-f30,  Sn.  or  SnH)»,  117.82  •% 

***®*  tin  4"  24  3  eq    oxy.  =  141.8  equiv.,  may  be  made  by  mixing  r»* 

cenlly  precipitated  and  moist  hydrated  sesquioxide  of  iron  wilki 
solution  of  protochloride  of  tin.  Its  solution  in  hydrochloric  add 
strikes  the  purple  of  Cassius  with  gold. 

BiDozide.  1021.  Binoxide  of  Tin,  Sn-f  20,  Sn,  or  SnO\  58.9  1  eq.  tiB  + 
16  2  eq.  oxy.  =  74.9  equiv.,  is  most  conveniently  prepared  bylfe 
action  of  nitric  acid  on  metallic  tin.  Nitric  acid,  in  its  most  oone» 
trated  state,  does  not  act  easily  upon  tin ;  but  when  a  small  quanliKr 
of  water  is  added,  violent  effervescence  takes  place  owing  to  the  •«» 
lotion  of  nitrous  acid  and  binoxide  of  nitrogen,  and  a  white  po«d(r» 
the  hydrated  binoxide  is  produced.  On  edulcorating  this  subittttti 
and  heating  it  to  redness,  watery  vapour  is  expelled,  and  thejfl> 
binoxide,  of  a  straw-yellow  colour,  remains.     In  this  process 


aurface  assumes  a  beautiful  crystalline  appearaoce,  aod  by  beating  th«  phliMp^ 
ticular  parts  with  the  blow-pipe,  or  riposing  different  parts  to  higbcr  and  lavaM 
peratures,  a  sn^at  ▼anetr  of  figures  may  be  produced,  which  will  he  aean  os  «MA><f 
the  plate  with  water.  The  various  colours  which  it  is  made  to  assaiiM  m  M^ 
nicated  by  giving  it  a  coating  of  different  coloured  Tarnishes.  Tha  tia  pItfM  ■■ 
for  this  purpose  should  have  a  good  coating  of  metallic  tin,  or  the  iron  hnam  «BV 
exposed. 


Parpk  of  Cm-      *  This  Compound  is  used  to  colour  glass  of  a  purple  colour,  and  is  made  by 
'^^  iag  a  (ew  grains  of  tin  in  hydrochloric  acid,  diluting  the  solution  with  •  hiyt  . ._ 

lily  of  distilled  water,  as  a  gallon  to  a  drachm  measure  of  the  tolutioa,  aad  dnffff 
into  the  diluted  liquid  20  or  30  drops  of  the  lolutioo  of  gold  id  nilrD-bjdjauKPf 
acid  (637)  to  each  gallon.  In  the  apaoe  of  three  or  Ibor  days,  •  pnrpk 
obtained,  which  is  separated  by  filtratioa,  washed  and  driad.  Oimy'to  C^ 

no. 
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nia  is  generated,  a  circumstanco  whicli  proves  water  as  well  as  nitric    Secu  v. 
acid  to  be  decomposed.     Binoxide  of  tin  may  likewise  be  obtained 
by  precipitation  from  a  solution  of  bichloride  of  tin,  by  putassa,  am- 
monia, or  alkaline  carbonates. 

1022.  It  is  apt  to  separate  from  acids  spontaneously  as  a  gelati* 
nous  hydrate.     It  acts  the  part  of  a  feeble  acid  and  forms  soluble 
compounds  with  the  alkalies  called  stannatet.     When  melted  with  Stannatei. 
glass  it  forms  white  enamel. 

102a  Protochloride  of  Tin,  Sn+Cl,  or  SnCl,  58  9  1  eq.  tin  +  Proiochlo- 
35  42  1  eq.  chlor.  =  94.32  equiv.,  is  obtained  by  transmitting  hy-  "  *' 
drochloric  acid  gas  over  tin  heated  in  a  glass  tube,  and  hydrogen 
gas  is  evolved  ;  or  by  distilling  a  mixture  of  granulated  tin,  with  an 
equal  weight  of  bichloride  of  mercury,  or  of  an  amalgam  of  tin  with 
calomel,  urging  the  heat  till  the  mercury  is  expellvd.  A  gray  fusi- 
ble solid  of  a  resinous  lustre  is  obtained.  It  is  obtained  also  in  crys- 
tals from  a  concentrated  solution  of  the  chloride. 

1024.  A  solution  of  protochloride  of  tin  is  obtained  by  heating  Solaticm, 
granulated  tin   in  strong  hydrochloric  acid  as  long  as  hydrogen  gas 
continues  to  be  evolved.     This  solution  is  much  employed  as  a  de- 
oxidizing agent. 

1025.  Bichloride  of  Tin.     Sn+2C1,  or  SnCr.  5S.9  1  cq.  tin  -f  Bichloride, 
70.S4  2  eq.  chlor.   =   129.74  equi v.     When  protochloride  of  tin  is 
heated  in  chlorine  ga!<,  or  on  distilling  a  mixture  of  S  parts  of  granu- 
lated tin  with  24  of  bichloride  of  mercury,  a  very  volatile,  colourless 

liquid  passes  over,  which  is  bichloride  of  tin.  In  an  open  vessel  it 
emits  dense  white  fumes,  caused  by  the  moisture  of  the  air,  and 
hence  it  was  formerly  called  the  fuming  liquor  of  Libavius,  who 
discovered  it.  At  248**  it  boils,  and  the  sp.  gravity  of  its  vapour  was 
found  by  Dumas  to  be  9.1997.  With  one  third  of  its  weight  of  wa- 
ter it  forms  a  solid  hydrate,  and  in  a  larger  quantity  of  water  dis- 
solves. 

1026.  The  solution  commonly  called  permuriateof  tin^  is  much  Solutioaor 
used  in  dyeing,  and  is  prepared  "by  dissolving  tin  in  nitro-hydrochlo-  pennunate. 
ric  acid.     The  process  requires  care  ;  for  if  the  action  be  very  rapid, 

as  is  sure  to  happen  if  strong  acid  be  employod  and  much  tin  added 
at  once,  the  peroxide  will  be  spontaneously  deposited  as  a  bulky  hy- 
drate.  and  be  subsequently  redissolved  with  ^^reat  difTiculty.  But  the 
operation  will  rarely  fail  if  the  acid  is  made  with  two  measures  of 
hydrochloric  acid,  one  of  nitric  acid,  and  one  of  water,  and  if  the  tin 
is  gradually  dissolved,  one  portion  disappearing  before  another  is 
added.  The  most  certain  mode  of  preparation,  however,  is  to  pre- 
pare a  solution  of  the  protochloride,  and  convert  it  into  the  bichloride 
either  by  chlorine,  or  by  gentle  heat  and  nitric  ocid. 

1087.  Protosulphuret  of  Tin^  Sn+S,  or  SnS,  58.9  1  eq.  tin  +  Sulphureti* 
16.1  1  eq.  sulph  =  75  equiv.,  is  prepared  by  pouring  melted  tin  up- 
oa  its  own  weight  of  sulphur,  and  stirring  rapidly  with  a  stick  during 
the  action  ;  as  some  tin  usually  escapes  the  sulphur  from  the  latter 
being  rapidly  expelled,  the  product  should  be  pulverized,  mixed  with 
its  weight  of  sulphur,  and  projected  in  successive  portions  into  a  hot 
Hessian  crucible,  and  then  heated  to  redness.  It  is  a  brittle  com- 
pound, of  a  bluish 'gray,  nearly  black  colour,  and  metallic  lustre. 
which  fuses  at  a  red  heat,  and  at^quiret  a  lamellated  texture  in 
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eh«p.iY.   cooling.    It  is  dissolved  by  hydrochloric  acid  with  evolatioD  of  hj- 
drosulphuric  acid.'*'' 

1028.  Bwdpkuret  of  Tin,  Sn+2S,  or  SnS^  68.9  1  eq.  tia  + 

AonimmQ-32.2  2  eq«  suiph.  =  91.1  equiv.,  {aurum  musivum^)  is  funned  hj 

**^^^"''  heating  sulphur  with  peroxide  of  tin,  or,  by  heating  in  a  macrant 
powdered  amalgam  of  12  parts  of  tin  and  6  of  mercary,  mixed  with? 
parts  of  flowers  of  sulphurand6  of  bydrochlorate  of  ammonia-t  A  gw- 
tle  heat  is  to  be  applied  till  the  white  fumes  cease  to  appeafi  wInb 
the  heat  is  to  be  raised  to  redness,  and  kept  so  for  some  time.  Oi 
cooling,  the  aurum  musivum  (or  Mosaic  CMd)  may  be  ofalaiiiel 
by  breaking  the  matrass.  It  is  of  a  beautiful  gold  colour,  and  flikj 
in  its  structure. 

Propertiet,  1029,  It  has  no  taste,  is  not  soluble  in  water,  acids  or  alkaline  i^ 
lutions.  It  is  used  as  a  pigment  for  giving  a  golden  colour  to  snaS 
statue  or  plaster  fit|;ures.  It  is  likewise  said  to  be  milced  with  mehcd 
glass  to  imitate  lapis  lazuli. 

Qfitsmlts.  1090.  The  salts  of  tin  are  mostly  soluble  in  water ;  thev  are  pi^ 
cipitated  of  an  orange  colour,  by  hydriodic  acid  and  by  hyomtiipha- 
ret  of  ammonia,  provided  no  excess  of  acid  be  present. 

1031.  Tin  forms  useful  alloys  with  many  of  the  metals.  Peirtv 
is  one  of  these ;  and  the  best  kind  of  it  is  entirely  free  from  Uai^ 
being  composed  chiefly  of  tin  with  small  proportions  of  antimoafv 

^W>-  copper,  and  bismuth.  An  amalgam  formed  by  gradually  addi^f 
three  parts  of  mercury  to  twelve  of  tin  melted  in  an  iron  kdh 
and  stirring  the  mixture,  is  much  used  in  silvering  looking  glaMK 
With  potassium  and  sodium,  tin  forms  brittle  white  alloys.  ItsaUM 
with  manganese  is  not  known.  It  does  not  readily  combine  «n 
iron,  but  tin*plate  may  be  considered  as  an  imperfect  alloy  of  thtie 
metals.     With  zinc  it  forms  a  hard  brittle  alloy.t 

Cobalt^ 

Symb.  Co       Equiv,  29.6 

1032.  This  metal  occurs  combined  with  arsenic,  sulpbor,  iron  ill 
Cobdt,       nickel ;  and  according  to  Stromeyer  is  a  constant  ingredient  ii 

meteoric  iron.     It  is  chiefly  obtained  in  Saxony. 

1033.  It  may  be  obtained  from  the  xaffre  of  commerce  which  is  an  inac* 
How  oh-      ide,  and  whico,  heated  with  a  miztore  of  nnd  and  potaab,  affbrda  the        ''^' 


tained  pure,  blae  glasi  known,  in  powder,  ai  imalt.  DissolTe  xaffre  in  bydrocbloric  add  mi 
tranimit  through  the  aolution  a  current  of  hydroaulphoric  aeidjna  until  thi  ■» 
pioua  acid  if  completely  leparated  in  the  fonn  of  orpiment  The  filtarad  KfiH 
ii  then  boiled  with  a  little  nitric  acid,  in  order  to  convert  the  protozida  into  war^ 
oxide  of  iron,  and  an  ezce«t  of  carbonate  of  potaau  ii  added.     Tha        '  "^ 


m. 


*SaquiMui^uret  qf  Tin,  2Sn-4-3S,  or  Sn*S>.  117.6  9  cq.  tin  4-  48.3  3  eq.  aafak.* 
166.1  equiT.,  it  formed  bj  mixing  the  prototalpharet  in  ine  powder  with  a  ikM^ii 
weight  of  fulphur.  and  beating  the  mixture  to  low  redneu  until  aulphar  oeaaa  ■•■ 
cape.  lu  colour  if  of  a  deep  grayish -yellow;  it  ii  reconverted  hj  a  atraoff  bHlie> 
the  protoeolphuret,  and  diMolTes  in  hplrocMoric  acid  gai,  yielding  hydraaatplaiK 
acid^gas  and  a  residue  of  bisulphuret  cf  tin. 

t  Or  beat  two  paiu  of  binozide  of  tin.  two  of  svlphnr,  and  one  of  sal  aauBSMMlti 
low  red  heat  as  long  as  sulphurous  acid  rises. 

t  On  the  alloys  of  tin,  a  memoir  of  Dussanssoy  maybe  consulted  in  the  SA  nLtf 
Arm.  de  Chim,  et  Phy$. ;  and  Chaudet's  paper  in  the  same,  and  in  the  71b  vbIi 

f  Its  name  is  derived  from  the  term  Kobold,  an  evil  spirit,  applied  to  jl  by  tk 
nan  miners  at  a  tine  when  they  were  ignoiant  of  ito  valoa,  tod  coasidsiatf  il 
vMinbla  to  the  prtaanoa  of  vahulbla  nctala. 
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eooHitinc  oftetquioiide  of  iron  and  carboaate  of  protoxide  of  cobalt,  after  being    Becu  V. 
well  wanned  with  water,  if  dif eited  in  a  lolution  of  oxalic  acid,  which  difsolvei  "' 

the  oxide  of  iron  and  leaves  the  oxide  of  cobalt  in  the  fonn  of  an  insoluble  nxa- 
la*jt.*  On  heating  thin  oxalate  in  a  retort  from  which  atmospheric  air  is  excluded, 
a  larvc  quantity  of  carbonic  acid  is  evolved,  and  a  black  powder,  metallic  cobalt, 
wleftt 

The  pure  metal  is  easily  procured  also  by  passing  a  current  of  dry 
hydrogen  gas  over  oxide  of  cobalt  heated  to  redness  in  a  tube  of  por- 
cehin.  In  this  stale  it  is  porous,  and  if  formed  at  a  low  tempera'* 
tore  it  inflames  spontaneously. 

1034.  Cobalt  is  a  brittle  metal,  of  a  reddish-gray  colour,  and  weak  Properties, 
metallic    lustre.      Its    density,    according    to    Turner,    is  7.834. 

It  fuses  at  a  heat  rather  lower  than  iron,  and  when  slowly  cooled  it 
crystallizes.  It  has  usually  been  considered  to  be  attracted  by  the 
magnet,  but  the  pure  metal  is  not  so.t 

1035.  By  exposure  to  the  atmosphere  cobalt  is  tarnished,  but  not 
oxidized  to  any  extent.  In  an  intense  heat  it  burns  with  a  red  flame ; 
but,  if  pure,  it  is  not  easily  oxidized  by  a  moderate  temperature.  It 
ia  oxidized  by  nitric  acid,  and  decomposes  water  at  a  red  heat. 

1036.  Protoxide  of  Cobalt.     Co+0,  Co,  or  CoO,  29.5  1  eq.  cob.  protoxide, 
-^  8   1  cq.  oxy.   =  37.5  equiv.     This  oxide  is   of  an  ash-gray 
coioar,  and  is  the  basis  of  the  salts  of  cobalt,  most  of  which  are  of  a 

pink  hue.  When  heated  to  redness  in  open  vessels  it  absorbs  oxygen, 
and  18  converted  into  the  sesquioxidc.  It  may  be  prepared  by  de- 
eompoaing  carbonate  of  the  protoxide  by  heat  in  a  vessel  from  which 
atmospheric  air  is  excluded.  It  is  recognised  by  giving  a  blue  tint 
lo  borax  when  melted  with  it ;  and  is  employed  in  the  arts  in  the 
ferai  of  smalt,  for  communicating  a  similar  colour  to  glass,  earthen- 
ware* and  porcelain. 

1037.  Protoxide  of  cobalt  is  precipitated  from  its  salts  by  pure  Precipiu- 
pomisa  as  a  blue  hydrate.     Pure  ammonia  likewise  causes  a  blue  '^' 
precipitatet  which  is  redissolved  by  the  alkali  if  in  excess.     It  is 
ihroira  down  as  a  pale  pink  carbonate  by  carbonate  of  potassa,  soda, 

or  ammonia;  but  an  excess  of  the  last  rediN»oWes  it  with  facility. 
Hydrosulphuric  acid  produces  no  change,  unless  the  solution  is  quite 
neuiraK  or  the  oxide  is  combined  with  a  weuk  acid.  Alkaline  hy* 
droaulphates  precipitate  it  as  a  black  prolosulphurct.^ 

lOSa  CUoride  of  Cobalt.  Co+Cl,  or  CoCl,  29  5  1  eq.  cob.  +  Chloride. 
36142  1  eq.  chlor.  =  64.92.  equiv.  It  is  obtained  in  solution  on  dis- 
■olring  metallic  cobalt,  its  protoxide,  or  either  of  the  other  oxides  in 
hydrochloric  acid,  with  evolution  of  hydrogen  gas  with  the  first  and 
M  chlorine  with  the  latter.  It  yields  a  pink-coloured  solution,  and 
by  eraponition  small  crystals  of  the  same  colour  containing  water  of 
crystmllization.  When  deprived  of  water  its  colour  is  blue,  a  cha- 
ncter  on  which  is  founded  its  use  as  a  sympathetic  ink  :  when  let- 
lora  are  written  with  a  dilute  solution  of  the  chloride,  the  colour  is  so 
pale  thai  it  is  invisible  in  the  cold;  but  on  heating  gently,  the  letters 


ir.  t  Thornton  in  Ann' qf  PhUo$.f  N.  S.  i.  tFiraday. 

f  When  a  ult  of  cobalt  i«  treated  with  pure  ammonia  in  close  veiseli.  part  of  the  co- 
balt ia  diuolved,  and  part  tuheides  in  ruroi  of  a  Mue  powder.  On  ad  muting  atmoi* 
■licnc  air,  Ihii  rab«iance  pastes  to  a  higher  state  of  oxidation,  and  is  gradually 
Aaaolvad.  If  nitrate  of  cobalt  is  used,  a  double  salt  may  Ite  olitviocd  in  crystals, 
winch  L.  OmaUa  beliavaa  to  coaaitt  of  nitntt  and  cobal^aU  of  ammmtii  The  tiist- 
««e«  at  tltts«cid,  hovtrrkr,  ^  atft  yat  beca  attablislwt 
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Allocs. 


Chap.  IV.  appear  of  a  blue  colour,  and  disappear  as  soon  as  the  chloride  hat 
recovered  its  moisture  from  the  atmosphere.  When  iron  or  nickel  ii 
present,  the  dry  chloride  of  cobalt  is  green  instead  of  blue.* 

1039.  The  alloys  of  cobalt  are  unimportant.  The  chief  oieflf 
this  metal  is  in  the  state  of  oxide  as  a  colouring  material  for  por» 
lain,  earthenware,  and  glass ;  it  is  principally  imported  from  Ge^ 
many  in  the  state  of  zc^re  and  vnalt^  or  azure.  Small  and  aaic 
are  made  by  fusing  zaSre  with  glass  or  by  calcininff  a  mixtorerf 
equal  parts  of  roasted  cobalt  ore,  common  potashi  and  ground  flialL 
A  blue  glass  is  formed  which,  while  hot,  is  dropped  into  water,  wA 
afterwards  reduced  to  a  very  fine  powder. 

Nicktl, 

Sjfmb.  Ni        ESguiv.  S9.6 

1040.  Nickel  is  found  native,  and  is  a  constituent  of  meteoric  irQi.t 
It  occurs  likewise  in  the  copper-coloured  mineral  of  Westphalia 
termed  copper-nickelf  a  native  arse niu ret  of  nickel,  which  in  addiiNi 
to  its  chief  constituents,  contains  sulphur,  iron,  cobalt  and  eoppit 
The  combinations  of  nickel  may  be  prepared  from  its  ore,  or  fromtk 
artificial  arseniuret  called  speiss.t 

The  metal  may  be  procured  by  heating  the  oxalate  in  cIcim  v» 
sels,  or  by  the  combined  action  of  heat  and  charcoal,  or  hydrops 
on  protoxide  of  nickel.^ 

1041.  Crystals  of  nitrate  of  nickel,  when  placed  in  a  cavity  aooip' 
ed  out  of  a  piece  of  charcoal,  and  exposed  to  the  ozy-hydr^fM 
blow-pipe,  afford  a  bead  of  metallic  nickel.  This,  however^  ii  t 
process  obviously  adapted  to  yield  only  very  minute  quantitieirf 
nickel. 

1042.  Nickel  is  of  a  white  colour  between  that  of  tin  and  nlver* 
with  a  strong  lustre,  and  is  ductile  and  malleable.     It  is  altraciedbf 


Ores, 


Reduced. 


Properties. 


flTMpaibfltie 
ink. 


Dd  dilute  witn  lour  pans  oi  waier.  onaraciera  wniien  wim  uiu  aoiipnai 
e  when  cold  ;  but  wneo  a  ^nile  heat  if  applied,  they  asiume  a  heaotifclfela 
n  colour.  This  experiment  ii  rendered  more  amusinff  by  draviof  dbe  mk 
inches  of  a  tree  in  the  ordinary  manner;  and  tracmg  toe  wavet  with  llHfito' 
The  tree  appears  leafless,  till  the  paper  is  heated,  when  it  aaddenlv  hnaa 


WoIIuiob'i 
pruc«Mted«> 
iMUaf  oiclwl. 


*  This  solution  has  been  termed  HdloVn  iympaih§tie  ink.  It  may  he  picpHiia 
follows :  One  part  of  cobalt,  or,  still  better,  of  zaflVe,  may  lie  digeaifvl  in  a  taai  kttL 
for  some  hourn,  with  four  parts  of  nitric  acid.  To  the  solution,  add  one  partaf  Hfr 
salt;  and  dilute  with  four  parts  of  water.  Characters  written  with  thisaoli' 
illegible 
or  Krcon 
and  brai 

tion.  The  tree  appears  leafless,  till  the  paper  is  heated,  when  it  aaddenly 
covered  with  beautiful  foliage.  The  addition  of  a  little  nitrate  of  napv  M 
the  solution  forms  a  sympathetic  ink,  which  by  heat  giTes  a  rich  greenish  ywBV» 
lour.  When  a  small  quantity  of  hydrochlorate  of  soda,  of  magnesia,  or  of  fiai^fc 
added  to  the  ink,  its  traces  disappear  Tery  speedily  on  removal  from  the  flie.   U.lil 

t  For  an  account  of  meteoric  stones,  masses  of  iron,  &c.  which  have  bllaa  Am^ 
heavens,  from  the  earliest  period  down  to  1819,  see  Edin.  PhUot.  Jour,  voL  i.  pifl* 
See  also  Cleavelaud's  Mineralogy^  p.  773,  and  Brando's  Oiem.  ii.  149. 

t  For  details  see  Thomson's  Chemistry  of  Inorganic  Bodieg,  ii.  526, 
ner,  329. 

§  For  other  processes  see  Thomson,  ii.,  Henry,  it  169,  Quarf.  Jour.  xfiv. 
N.  S.  iii.  209. 

To  detect  the  presence  of  nickel  in  iron,  Wollaston  recommends  that  a 

tion,  which  need  not  exceed  .01  uf  a  grain,  should  be  filed  from  the  sample, 

solved  in  a  drop  of  nitric  acid ;  evaporate  this  to  dryness,  and  add  arfrapariw* 
liquid  ammonia,  whicn,  when  K^ntiv  warmed,  will  dissolve  any  oaideof  nieW^ 
may  Ite  present.    The  transparent  part  of  the  fluid  is  then  to  be  condueied  hj 
of  a  glass  rod  to  a  small  distance  from  the  precipitated  oxide  of  iron,  and  mi 
a  drop  of  ferrocyanate  of  poiassa,  which,  it  nickel  be  present,  will  cuaeuiaat. 
ate  milkiness,  not  discernible  in  a  solution  of  eommoa  ifeo,  fonnMl  aad  maiiiiiV 
same  way.    B.  ii.  148. 
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ignet,  and  may  like  iron  be  rendered  magnetic,  but  loses  this    Stuvt. 
at  630**.*     Its  sp.  gr.  is  about  8.279.     It  is  very  infusible,  Futibiliiy. 
no  change  by  exposure,  but  at  a  red  heat  absorbs  oxygen,  and 
poses  water.     It  is  oxidized  by  nitric  acid.     Its  eq.  is  esti* 
at  29.5. 

).  Protoxide  of  Nickel  Ni+0,  Ni,  or  NiO,  29.5  1  eq.  nick.  Protoxide. 
1  eq.  oxy.  =  37.5  equiv.  This  oxide  may  be  formed  by 
J  the  carbonate,  oxalate,  or  nitrate  to  redness  in  an  open  ves- 
d  is  then  of  an  ash*gray  colour;  but  after  exposure  to  a  white 
its  colour  is  a  dull  olive-green.  It  is  not  reducible  by  heat 
d  by  combustibles.  It  is  not  attracted  by  the  magnet.  It  is  a 
alkaline  base,  and  nearly  all  its  salts  have  a  green  tint.  It  is 
tated  as  a  hydrate  of  a  pale-green  colour  by  the  pure  alkalies, 
redissolved  by  ammonia  in  excess  ;  as  a  pale-green  carbonate 
iline  carbonates,  but  is  dissolved  by  an  excess  of  carbonate  of 
lia;  and  as  a  black  sulphuret  by  alkaline  hydrosulphates. 
sulphuric  acid  occasions  no  precipitate,  unless  the  solution  is 
leutral,  or  the  oxide  combined  with  a  weak  acid.t 


N  VI.  Metals  which  do  not  Decompose  Water  at  any  Tern* 
titre,  and  the  Oxides  of  which  are  not  reduced  to  the  Metallic 
e  by  the  sole  action  of  Heat, 

L  Arsenic,  As,  S7.7  cq.  Metallic  arsenic  occurs  native,  but  jinenic 
oromonly  in  combination  with  other  metals.  The  substance 
in  the  snops  by  the  name  arsenic,  is  an  oxide,  from  which  the 
may  be  obtained  by  mixing  it  with  half  its  weight  of  black 
and  introducing  the  mixture  into  a  Florence  flask,  placed  in 
i  bath  gradually  raised  to  a  red  heat;  a  brilliant  metallic 
ite  of  pure  arsenic  collects  in  the  upper  part  of  the  flask. 

s  it  with  about  twice  its  weight  of  charcoal,  both  perfectljr  dry,  and  ex-  Obtaioed. 
'  mixture  to  heat  in  a  crucible,  luting  another  over  it  in  an  inverted  poai- 
ollect  the  product.  § 

daj. 

wUaide  q/*  JSiekel,  2Ni+30,  Ni,  or  NiK)*,  59  2  eq.  nick.  +94  3  eq.  oxy.  = 

,  has  a  black  colour,  and  is  formed  by  tranftmitting  chlorine  gas  through  wa-  ^*  *** 

iKh  the  hydrate  of  the  protoxide  is  suspended,  does  not  unite  with  acids,  it 

Md  by  a  red  heat,  and  with  hot  hydrochloric  acid  forma  the  chloride  with  dis- 

0Bt  of  chlorine  gas. 

it  tf  Sickel,  Ni+Cl.  or  NiCl.  29,6  I  eq.  nick  +  36.42  I  eq.  chlor.  =  M.92 

I  Ibnned  by  acting  with  hydrochloric  acid  on  metallic  nickel,  its  protoxide,  or  ^■i<*"*- 

ide ;  hydroffen  gas  heinf?  evolved  with  ihe  former,  and  chlorine  with  the  latter. 

•a  emerald- green  solution,  and  by  evaporation  yields  crystals  of  the  same 

eh  loae  water  or  deliquesce,  accorcTing  at  the  air  is  dry  or  moist. 

mlphuret  of  AVcAW,  Ni+S,  or  NiS,  29.6  I  eq  nick.  +  >6.1   I  eq.  sulph.  s= 

iv..  is  formed  by  processes  similar  to  those  for  preparing  protosulphuret  of 

The  precipitated  sulphuret  is  dark  brown  or  nearly  black. 

is  an  extremely  useful  compound  for  effecting  the  reduction  of  many  of  the 
oxides.     It  consists  of  charcoal  and  sobcarbonate  of  potasso,  and  is  best  pre-  "'**^  '"■• 
deflagrating  in  a  crucible  a  mixture  of  one  part  of  nitre  and  two  of  powdered 
The  mixture  remains  in  fusion  at  a  red  heat,  and  thus  suffers  the  small  glo- 
rednccd  metal  to  coalesce  into  a  button. 

lall  opening  should  l>e  left  for  the  escape  of  easeous  mauers.  The  lower  em- 
Nild  bs  placed  in  a  sand  hath  lurnsi-e,  and  the  upper  one  lie  kept  aa  cool  as 
•ad  awiplttely  out  oi  ths  sand }  ths  process  msy  bo  easily  condncttd  with  a 
•«fsr.   Cars  amst  bs  taken  not  to  inhalt  ths  vi|^oar. 
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^^'^  '^'       1045.  Arsenic  is  of  a  steel-blue  colour,  quite  brittle,  and  of  a  ipi- 

Chmcten.  ^ific  gravity  =  5.884.     It  readily  fuses,  and  in  close  Tessels  may  lit 

distilled   at  a  temperature  of  960*,  which  is  lower  than  its  fonf 

Qoiut.     Its  vapour  has  a  very  strong  smell,  resembling  that  of  gaiUb 

Heated  iti  the  air  it  easily  takes  fire,  bums  with  a  blae  flanMiaBi 

produces  copious  white  fumes  of  oxide. 

In  general  it  speedily  tarnishes  by  exposure  to  air  and  noiilni% 

/  acquiring  upon  its  surface  a  dark  film,  which  is  extremely  supeifidil; 

but  Berzelius  remarks  that  he  has  kept  some  specinieas  in  open  w> 

sels  for  years  without  loss  of  lustre,  while  others  are  oxidized  thra^A 

their  whole  substance,  and  fall  into  powder.     The  product  of  thi 

spontaneous  oxidation,  which  is  known  under  the  name  of  jfy-^OMhr, 

is  supposed  by  Berzelius  to  be  an  oxide ;  but  it  is  more  geiieiallj  a» 

garded  as  a  mixture  of  white  oxide  and  metallic  arsenic. 


Ply-pow- 
der. 


Anenioai 
moid, 


How  ob- 
tained, 


Propertief, 


Dimor- 
phous. 


Solubility. 


PoisoDont 
eficciB. 


1046.  Arsenious  Acid,  2As+30,  As,  or  As'O*,  76.4  2  eq. 

-f-  24  3  eq.  oxy.  =  99.4  equiv.,  or,  as  it  is  commonly  called* 
arsenic,  or  while  oxide  of  arsenic,  is  the  best  knowo,  and  moat 
monly  occurring  compound  of  this  metal ;  and  as  cases    of  _ 
ing  by  it  are  frequent,  every  person  should  be  well  acquainted  wlk 
its  characteristic  properties. 

1047.  Arsenious  acid  may  easily  be  procured  by  the  o 
of  the  metal ;  but  as  it  is  formed  during  certain  metalliargic  ^ 
ses,  that  mode  is  rarely  resorted  to.  It  is  abundantly  prepared  ii 
Bohemia,  from  arsenical  cobalt  ores,  which  are  roasted  in  lefokifr 
tory  furnaces,  and  the  vapours  condensed  in  a  long  chimney,  th 
contents  of  which,  submitted  to  a  second  sublimation,  aifiHd  th 
tohite  arsenic  of  commerce. 

1048.  Arsenious  acid  is  white,  semi-transparent,  brittle,  and  oft 
vitreous  fracture.  Its  sp.  gr.  is  3.7.  Its  taste  has  been  Dmiallrdr 
scribed  as  acrid,  but  it  appears  that  this  is  incorrect.  It  eialiii 
very  faint  impression  of  sweetness  and  perhaps  of  acidity.* 

1049.  Arsenious  acid  is  dimorphous,  toat  is,  susceptible  of  aiM^ 
ing  two  crystalline  forms  belonging  to  difierent  systems  of  crysaB* 
zation.  By  slow  sublimation  in  a  glass  tube,  it  is  always  obiaiM' 
in  distinct  octohedral  crystals  of  adamantine  lustre  and  perfeclif 
transparent.  Its  unusual  form  is  that  of  six-sided  scales  deiini 
from  a  rhombic  prism. 

1050.  According  to  Klaproth  and  Buchholz,  1000  parte  of  viMI 
at  60""  dissolve  2.5  of  white  ar.«tenic,t  1000  parts  of  water  alMTi 
dissolve  rather  more  than  77  parts,  and  about  30  parts  are  nuitd 
in  permanent  solution. 

Guibourt  has  lately  observed  that  the  transparent  and  opaipti^ 
rieiics  of  arsenic  differ  in  solubility.  He  found  that  1000  paiti  tf 
temperate  water  dissolve,  during  SN3  hours,  9.6  of  the  traoilMiA 
and  125  of  the  opaque  variety  :  that  the  same  quantity  of  ImM 
water  dissolves  97  parts  of  the  transparent  variety,  Tetaioilf  V 


*  See  Crist jsnn't  experiment*.    E!din,  Phiio$  Jouri  xiv.  360. 

t  It  would  take  a  lon«  time  to  prepare  a  sanirated  aqueons  tolutk 

hy  contart  of  the  powder  with  water,  or  even  by  afilaUoDj  Kut  hjhoilia|ilt  i^ 

nratad 


miairi  w  inc  poworr   wiin  wnier,  or  even  117  BKiuufni ,  ihik  nv  nufioH  ■< 

the  powder  for  kialf  an  hour,  Icaviog  it  to  cooTand  %n»n    ros  filM&f . 
id  aolution  will  be  il  ooct  obtaiMd.    Faradif ,  OfSk  p.  174. 
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when  cold,  but  takes  up  115  of  the  opaque  variety,  and  retains  29    Sacu  vi. 
on  cooling.     By  the  presence  oforgiinic  sulwtnnces,  such  as  milk  or 
tea,  its  snlubiliiy  is  materially  impaired.* 

lOol.  It  is  virulently  poisonous,  producing  inflammation  and  gan-  poj,oQOBg 
grene  of  the  stomach  and  intestines;  it  also  proves  fatal  when  ap-efiVcu. 
plied  to  a  wound  ;  and  as  the  local  injury  is  in  neither  case  suflicieDt 
to  cause  death,  it  is  probable  that  an  induced  aflection  of  the  nervous 
system  and  of  the  heart  is  the  cause  of  the  mischief.  To  get  rid 
of  the  poison  by  producing  copious  vomiting  and  purging,  and  to 
pursue  the  usual  means  of  subduing  and  preventing  inflammation, 
are  ihe  principal  points  of  treatment  to  be  adopted  in  cases  where 
this  poison  has  been  taken.t 

1052.  As  arsenic  either  accidentally  or  intentionally  taken,  is  a  Method*  of 
very  frequent  cause  of  death,  and  often  the  subject  of  judicial  in-****««M»» 
qairy,  it  becomes  of  importance  to  point  out  the  most  effectual  modes  ' 

of  discovering  its  presence.  Where  arsenic  proves  fatal,  it  is  very 
seldom  found  in  the  contents  of  the  stomach  after  death,  but  is  gen- 
erally previously  voided  by  vomiting  or  by  stool ;  and  we  often  can 
detect  it  in  the  matter  thrown  off  the  stomach,  in  the  form  of  a 
white  powder,  subsiding  in  water.  The  inflammation  of  stomach 
which  results  is  generally  a  secondary  effect,  and  takes  place  equal- 
ly, whether  the  poison  be  swallowed  or  applied  to  a  wound. 

1053.  Several  tests  have   been   proposed   for  detecting   minute  Tetu of. 
quantities  of  arsenic  in  the  fluids  likely  to  be  met  with  in  the  stom- 
ach, the  most  valuable  are  the  ammoniaco-niirate  of  silver,  ammo- 
niaco-sulphate  of  copper,  hydrosulphuric  acid  and  hydrogen  gas. 

1054.  The  first  object  is  to  obtain  a  concentrated  solution  of  the  Methods  of 
aubstances  ejected,  or,  in  case  of  death,  of  the  liquids  contained  in  P'**''***"*!* 
the  stomach,  or  of  any  that  may  adhere  to  its  interior  surface.  This 

ia  to  be  effected  by  means  of  washing  in  pure  water,  filtration,  and 
eTsporation.  A  .solution  having  been  obtained,  the  tests  are  to  be 
applied,  it  having  been  previously  ascertained  that  they  are  perfectly 
pure,  as  also  the  vessels  in  which  the  experiments  are  to  Ite  made. 

1.  The  ammoniacal-niirate  of  silver  is  made  by  dropping  into  a  Ammonia- 
rather  strong  solution  of  lunar  caustic,  ammonia,  till  the  oxide  of  ^^  nitratt 
ail  ver  at  first  thrown  down  is  nnarly  all  dissolved.  This  liquid  contains  ^  *  ^'* 
the  precise  quantity  of  ammonia  required  to  neutralize  the  nitric  acid 

of  the  nitrate  of  isilvcr.  On  dropping  it  into  the  suspected  liquid,  if 
araenic  is  present, a  yellow  insoluble  arsenite  of  silver  will  be  formed. 

2.  Ammoniacal-sulphate  of  copper,  is  made  by  adding  ammonia  A mmonit- 
to  a  solution  of  sulphate  of  protoxide  of  copper,  until  the  precipitate  ^'^pP^*** 
18  nearly  all  dissolved.     Tliis  test  affords  a  green  precipitate  with  ar- 
aenioas  acid,  which  has  long  been  known  as  Sc/ieele*s  f^reen. 

3.  The  hydrosulphuric  acid  gas,  is  to  be  obtamed  from  the  usual  ^^^r**jjj" 
materials  (754)  and  conducted  by  means  of  a  suitable  glass  tube  into^  ""^ 
the  suspected  liquid ;  if  arsenious  acid  is  present,  the  liquid  be- 
comes yellow  and  turbid  from  the  formation  of  orpiment  or  sesqui- 
aulphuret  of  arsenic. I 

On  drying  the  sulphuret,  mixing  it  with  black  flux,  and  heating 

*  Chriatiitoti  on  Pni^oni^. 

f  >c«  ChrifttiMMi'v  Experimentt,  Edin.  Philos.  Jour.  ziv.  3A0. 
S  TIm  appantu  (Fig.  IM),  psgo  200,  will  be  found  GOBveaitat. 
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ctop.  IV.  ihe  mixtuie  contained  in  a  glass  tube  to  redneu  by  mesoi  of  a  siBiii- 
RcdociioD.  lamp,  decomposition  ensues,  and  a  melallic  ciust  of  an  iron-^T 
coloui  externally,  and  crj'stalline  on  iis  inner  surfBre,  ia  deptnilM 
on  the  cool  pari  of  the  tube-  This  character  alone  is  quite  tatisfa^ 
tory  ;  but  it  is  easy  to  procure  additional  evidence,  by  recoDveilia( 
the  melal  into  arsenious  acid,  so  as  to  obtain  it  in  the  form  of  r^ 
splendent  octahedral  crystals.  This  is  done  by  holding  tbat  putrf 
the  tube  to  which  the  arsenic  adheres  about  thrce-fonrtha  of  an  inek 
above  a  very  small  spirit-lamp  flame,  so  that  the  metal  may  la 
slowly  BubLimed-  As  it  rises  in  vapour  it  combinea  with  ozyp^ 
and  is  deposited  in  crystals  within  the  tube.  The  character  of  Um 
crystals,  with  respect  to  volatility,  lustre,  transparency,  and  fonD,  > 
so  exceedingly  well  marked,  that  a  practised  eye  may  safely  ideatiff 
them,  though  their  weight  should  not  exceed  the  IQOth  pan  of  I 
grain.  This  experiment  does  not  succeed  unless  the  tube  be  <)iiM 
clean  and  dry.' 
Hanh'i  4-  ^or  the  application    of  hydrogen  we  are  indebted  to  Maiskif 

procnabT  Woolwich. t  Its  Utility  depends  on  the  fact  that,  whenever  nasMl 
brdmgcR  hydrogen  is  brought  into  contact  with  any  compound  of  oxygen  yi 
arsenic,  water  and  arseniuretted  hydrogen  are  formed.  If  the  pt 
bo  inflamed  as  it  escapes  into  the  air  from  a  flne  tube,  it  honi 
with  the  production  of  ivtitery  vapour,  and  the  deposition  of  b^ 
tallic  arsenic.  By  holding  a  piece  of  clean  glass  over  the  faa^ 
its  surface  is  instantly  covered  with  a  thin  costing  of  metallic  arw 
nic  ;  and  if  (he  flame  be  miide  to  burn  in  ihe  centre  of  a  glan  laki 
open  at  both  extremities,  so  as  to  admit  a  larger  suppljr  of  atiair 
pheric  oxygen,  it  is  covered  in  half  a  minute  with  arsenious  f~^ 


The  hydrogen  is  obtained  by  inirodi 
portion  of  the  suspected  liquid  into  a  tube  about 
thirteen  inches  in  length  and  three  fourths  of 
an  inch  internal  iliameter,  or  the  glass  buckets, 
in  which  is  a  small  pieceof  pure  zinc  6,  sulphuric 
acid  is  added  and  the  gns  passes  out  through 
the  jet  a,  while  the  stop-cock  is  open.  When 
it  is  closed  the  gas  accumulates  in  the  upper 
part  of  the  short  leg;  on  opening  the  stop- 
cock, the  liquor  descends  from  tbe  longer  leg 
and  drives  out  the  gas. 

When  large  quantities  of  the  suspected  liquid  can 
be  obtained,  the  apparatus  (Fig.  IBO)  is  employed  ; 
s^e  379. 

Liebig  recommends  that  a  fragment  of  porce- 
,'  lain  be  held  in  the  flame  instead  of  the  glass,  as 
rery  thin  film  of  metallic  arsenic  is  belter 
j  seen  on  the  white  opaque  ground  of  the  former. 
I  To  avoid  the  deposition  of  other  metals,  that 
I  may  be  carried  up  by  the  hydrogen,  be  recora- 
/  mends  that  the  gas  be  transmitted  through  a 
f  fine  tube  of  diflicultlv   fusible  glass,  instead  of 


Fl(.  171. 


-  A  intMof  the  inocin]  form  (Fig.  ISl,)  bu 
ihould  be  ptci telly  ary,  *nd  ihc  miilura  iDlmdactd  by  am 
Ims   within  lbs  bait,  through  whieb  ih*  miiton 
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it  at  the  jet ;  on  bringing  a  part  of  the  glass  to  a  red  heat  9tt%,YU 

rit-lamp,  the  arseniuretted  hydrogen  is  decomposed  as  it 

nd  the  metallic  arsenic  is  deposited  just  beyond  the  heated 

the  glass,  while  other  metals  are  deposited  in  the  hot  parts 

es.* 

The  extreme  delicacy  of  this  method  of  testing  for  arsenic 

I  fully  confirmed,  but  it  also  has  been  ascertained  that  it  is 

aly  one  to  be  relied  upon.    Other  metals  may  be  present, 

ony,  which  has  been  found  to  form  a  gaseous  compound, 

[▼e  results  that  resemble  those  with  arsenic.     By  decom- 

le  gases  while  passing  through  a  fine  tube,  as  proposed  by 

.nd  obtaining  the  metals,  they  can  readily  be  distinguished.! 

•  •  « 

Arsenic  Acid.    2AS-|-50,  As,  or  As^O*,  75.4  2  eq.  arson.  Atmdm 

eq.  oxy.  =  116.4  cquiv.  This  compound  is  made  by  dis-**"** 
irsenious  acid  in  concentrated  nitric,  mixed  with  a  little  hy- 
ic  acid,  distilling  in  glass  till  it  acquires  the  consistence  of 
nd  then  exposing  it  in  a  platinum  crucible  for  some  time  to 
miewhat  short  of  low  redness  to  expel  the  nitric  acid.  The 
s  prepared  has  a  sour  metallic  taste,  reddens  vegetable  blue 
ind  with  alkalies  forms  neutral  salts,  which  are  termed 
f.  It  is  much  more  soluble  in  water  than  arsenious  acid, 
ictive  poison. 

Arsenic  acid  is  decomposed  by  hydrosulphuric  acid  gas,  Decompot- 
Is  a  sulphuret  of  arsenic  very  like  orpiment  in  colour,  but  ^- 
ig  a  greater  proportional  quantity  of  sulphur.     The  soluble 
«,  when  mixed  with  the  nitrates  of  lead  and  silver,  form 
:  arseniates,  the  former  of  which  has  a  white,  and  the  latter 
ed  colour.! 

SesguicAloride  of  Arsenic,  2As+3Gl,  or  A$'Cl»,  76.4  2  eq.  Swqui- 
-  106.26  3  eq.  chlor.  =  181.66  equiv.     When  arsenic   in  ^''***™'*' 

^fifuziiii.  217. 

ioute  detmits,  the  mtnipulatioa,  precaations,  soaroei  of  error,  &c.,  the  ito- 
be  referred  to  Turner's  EiemenU  p.  333 ;  Chriitison  on  Pououm  ;  Marsh 
traHon  of  arsenic ;  TVans.  8oc.  of  Aria.  Li.  and  Edin.  PhUot.  Jour, 
;  Reid's  Prae.  Oiem.  341 ;  Henry's  Blem.  of  Chem.  vol.  ii.  p.  688, 
•f  to  Murray's  Sydentt  vol.  iii.  p.  441,4th  edit.;  to  Bostock's  Paper  in 
Med.  and  Sujyr.  Jour.  vol.  y.  p.  166 ;  Uuroe's  Eagay  in  the  Phil.  Mag". 


.  Medico.  Chirurg.  Trana.  vol.  ii. 

titf  inyestijfations  arsenic  possesses  the    property    of  preserving  from 

bodies  or  those  poisoned  with  it.  The  antiseptic  efiects  sometimes 
f  to  the  stomach  and  intestines,  that  is,  to  the  parts  directly  in  contact 
ut  in  some  instances  the  whole  bodv  is  preserved.    The  stomach  and  in- 

persons  killed  with  arsenic  have  heen  found  entire  and  firm  at  the  dis- 
re,  SIX.  and  fourteen  months,  or  even  of  two  years  and  a  half  after  death } 
16  of  these  instances  the  poison  itself  was  delected.    Edin.  Philoa.  Jour, 

:  btttery  made  to  act  on  a  little  arsenioos  solution  placed  on  a  hit  of  ^lass, 
metallic  arsenic  at  the  negative  pole,  and  if  this  wire  be  copper,  it  will  be 
ike  tombac. 

kieride  o/Ahenic.  As+Cl,  or  AsCI,  37.7  1  eo.  arsen.  +  33.43  1  eq.  chlor.  pmaM«M^ 
aiv.     It  is  prepared  by  introducing  into  a  tubulated  retort  a  mixture  of 
loid  with  ten  times  its  weight  of  concentrated  sulphuric  acid ',  and  after 
tffflipentara  to  near  912°,  fragments  of  sea-aalt  are  thrown  in.* 


•  its  Qfmtt,  Jmr.  9eia»,  N.  8.  L  Stf. 
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Chap.  IV. 


Arienic 
and  hydro- 
gen. 


Decompoi- 
•d. 


powder  is  thrown  into  a  jar  full  of  dry  chlorine  gas,  it  takes  im 
and  sesquichloride  of  arsenic  is  generated ;  and  the  same  compoaid 
may  be  formed  by  distilling  a  mixture  of  six  parts  of  comsift 
sublimate  with  one  of  arsenic.  It  is  a  colourless  yolatiie  liquil 
which  fumes  strongly  on  exposure  to  the  airt  hence  called  fiimmg 
liquor  of  arsenic,  and  is  resolved  by  water  into  hydrochloric  and  B^ 
senious  acids.* 

1059.  Arseniuretted  Hydrogen,  2As-|-3H,  or  As*H\  75.4  2  c% 

srsen.  -{-  3  3  eq.  hydrog.  =  78.4  equiv.     When  arsenic  is  pressat 

ed  to  nascent  hydrogen  a  portion  of  the  metal  combines  with  ik 

gas. 

The  compound  ii  obtained  bjr  adding  a  portion  of  metallic  ananie,  m  tf 
white  araenic,  to  the  mixture  of  zinc  and  dilute  Bulphuric  acid  uaaaliy  vmfkfti 
for  the  production  of  hydrojjen.  It  may  also  be  obtained  by  acting  on  «nw 
with  a  triple  alloy  of  arsenic,  potaasium,  and  antimony,  lliis  alloy  nay  If 
formed  by  heating  strongly,  fur  two  hours,  in  a  close  crucible,  two  parta  of  "^ 
mony,  two  of  cream  of  tartnr,  and  one  of  white  arsenic.  When  two  or 
drachms  of  this  alloy  are  thrown  quickly  ondcr  a  jar  inverted  in  watery 
dance  of  aiheniuretted  hifdrogen  is  disengaged. 

The  greatest  caution  should  be  used  to  avoid  its  deleterious  sAcl^ 
which  were  fatal  to  M.  Gehlen.t     The  gas  may  be  collected 
water,  which,  however,  absorbs  one  fifth. 

1060.  It  suffers  gradual  decomposition  when  mixed  with  s 

f»heric  air,  water  being  formed,  and  metallic  arsenic,  together  wilks 
ittie  oxide,  deposited.  With  iodine  it  yields  hydriodic  acid  gsssad 
iodide  of  arsenic,  and  sulphur  and  phosphorus  produce  anakgsai 
chancres.  By  its  action  on  salts  of  the  easily  reducible  metals,  socb 
as  silver  and  gold,  the  metal  is  revived,  and  its  oxygen  uniiing  wik 
the  elements  of  the  gas  constitutes  arsenious  acid  and  water. 

It  is  decomposed  by  chlorine,  bubbles  of  which  may  be  posMd^ 
into  a  jar  of  arseniuretted  hydrogen,  standing  over  warm  water; 
flame  and  explosion  are  often  produced,  hydrochloric  acid  is  formid 
and  the  metal  set  free.  But  if  the  gas  be  passed  in  the  same  wir 
into  chlorine,  no  inflammation  results,  absorption  takes  place,  ssfl 
hydrochloric  acid  and  chloride  of  arsenic  are  formed.  If  tbecfal^ 
rine  be  not  very  pure,  and  when  the  gases  are  cold,  inflammslifls 
seldom  follows  their  mixture.     B.  ii.  123. 

1061.  Arseniuretted  hydrogen  in  a  glass  tube  is  completely  i^ 
composed  by  the  heat  of  a  spirit-lamp,  and  its  hydrogen  occapiesosi 
and  a  half  as  much  space  as  when  in  combination.  When  niisd 
with  oxygen,  and  detonated  by  the  electric  spark,  each  Tolaneof 
the  gas,  in  forming  water  and  arsenious  acid,  requires  oneasdi 
half  its  volume  of  oxygen  gas.  The  oxygen,  therefore,  is  eousif 
divided  between  the  arsenic  and  hydrogen  ;  and  arseniurelted  hf 
drogen  consists  of  two  equivalents  of  arsenic  and  three  of  hvdrmis 
By  volume,  it  is  composed  of  half  a  volume  of  the  vapour  of  aisssiCr 
and  three  vols,  of  hydrogen,  condensed  into  two  volumes. t 

Sidphurets  of  Arsenic. 

Salpharcta.      1062.  Protosidphuref  of  Arsenic,  As+S,   or   AsS,  37.7  I  f^ 
'srsen.  -{-   16.1   1  eq.  sulph.  =  53.9  equiv.     Sulphur  unites  ^ 


Action  of 
chlorine. 


Effect  of 
heat,  &c 


Compoai- 
tioo. 


•  Dt  Davy.        t  Ann,  de  OUm.  tt  Phy$,  iii.  13S.       t  Amu  tff  C3Ujii.  sUii.  iV- 
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arsenic  in  at  least  three  proportions,  forming  compounds,  two  of  Beci.  vi. 
which  orcur  in  the  mineral  kingdom,  and  are  well  known  by  the 
names  of  realf^ar  and  orpiment.  Realgar  or  the  protosuiphuret 
may  be  formed  artificially  by  heating  arsenious  acid  with  about  half 
its  weight  of  sulphur,  until  the  mixture  is  brought  into  a  state  of 
perfect  fusion.  The  cooled  mass  is  crystalline,  trnnspnrenl,  and  of 
a  ruby  red  colour ;  and  may  be  sublimed  in  close  vessels  without 
change. 

l(>53.  Orpiment t  or  Sesquisidphuret  of  Arsenic,  2As-f-3S,  orQ-jj,p^i^ 
AsS',  75.4  3  eq.  arsen.  -|-  4S.3  3  ec|.  sulph.  =  123.7  cquiv.,  may 
be  prepared  by  fusing  together  equal  parts  of  arsenious  ncid  and 
tulphur  ;  but  the  best  mode  of  obtaining  it  quite  pure  is  by  trans- 
mitting a  current  of  hydrosulphuric  acid  gas  through  a  solution  of 
•raenious  acid.  Orpiment  has  a  rich  yellow  colour,  fuses  readily 
when  heated,  and  becomes  crystalline  on  cooling,  and  in  close  ves- 
sels may  be  sublimed  without  change.  It  is  dissolved  with  great 
lacility  by  the  pure  alkalies,  and  yields  colourless  solutions. 

10(i4.  Orpiment  is  employed  as  a  pigment,  and  is  the  colouring  ^^g 
principle  of  the  paint  called  King*s  yellow.  Braconnot  has  proposed 
It  likewise  for  dyeing  silk,  woollen,  or  cotton  stuffs  of  a  yellow  colour ; 
the  cloth  being  soaked  in  a  solution  of  orpiment  in  ammonia,  and 
then  suspended  in  a  warm  apartment.  The  alkali  evaporates,  and 
leaves  the  orpiment  permanently  attached  to  the  cloth.* 

1065.  Persitlphurct   of  Arsenic,  2Aa-|-5S,  or  As^S',  75.4  2  eq.  penulphu- 
cq-  arsen.  -f*  ^-^  ^  ^^*  sulph.  =  15^3.9  cquiv.,  is  prepared  hy  trans-  rtt. 
milting  hydrosulphuric  acid  gas  through  a  moderately  strong  solu- 
tion of  arsenic  acid  i  or  by  saturating  a  solution  of  arseniatc  of  po- 

tassa  or  soda  with  the  same  gas,  and  acidulating  with  hydrochloric 
or  acetic  acid.  The  oxygen  of  the  acid  unites  with  the  hydrogen 
of  the  gas,  and  pcrsulphuret  of  arsenic  subsides.  In  colour  it  is 
Tery  similar  to  orpimcnt.t 

1066.  Arsenic  forms  alloys  with  most  of  the  meuils,  and   they  aHoji- 
•re  generally  brittle. 

10iS7.  Arsenic  is  used  in  a  variety  of  the  arts.     It  enters  into  me-  Usea. 
tallic   combinations,   wherein   a  while  colour   is   required.     Glass 
manufacturers  use  it;  but  its   effect   on  the  composition   of   glass 
does  not  seem  to  be  clearly  explained. 

Chromium. 

Symb.  Cr    Eq.  28 

1068.  Chromiumt  was  discovered   by   Vauquelin  in    1797,  in  a  pigcoTery. 
beautiful  red  mineral,  the  native  dichromate  of  oxide   of  lead.     It 
has  since  been  detected  in   the   mineral  called  chromatc  of  iron,  a 
compound  of  the  sesquioxides  of  chromium  and  iron  which  occurs 
in  sereral  places  in  Europe  and  in  this  country. 

•  An.de  Ch  tide  Ph.  sii. 

t  The  eiperimciit«  of  Orfila  have  proTcJ  that  the  sulphurets  of  arsenic  are  poiton- 
Ma,  ihoairh  in  a  much  less  ilci^ree  than  arsenious  acul.    The  precipiiaied  lulphuret 
imman  injunuui  iliau  the  iiaiire  orpiment.    The  antidote  to  ar»eniuus  ai-id  it  hy- 
Aaicd  icftquiuziile  of  iron.     (Bunsun.) 

I  From  Xou^Wi  colour,  indicatiTe  of  its  rtmarkibla  icndancy  to  form  coloured 
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1069.  Chromium,  which  has  been  procured  in  small  qutntitf, 
owing  to  its  powerful  attraction  for  oxygen,  may  be  obtained  by  «• 
posing  the  sesquioxide  of  chromium  mixed  with  charcoal  to  thi 
roost  intense  heat  of  a  smith's  forge. 

A  more  convenient  process  is  to  decompose  the  sesquichloridfl  by 
heat  and  ammoniacal  gas,  in  which  case,  the  metal  has  a  chocolaifi- 
brown  colour.  In  this  finely  divided  state,  it  takes  fire  whea  hcairf 
in  the  open  air.* 

1070.  It  is  a  brittle  metal,  of  a  grayish  white  coloar,  and  fwy 
infusible.     Its  sp.  gr.  is  5.9. 

When  fused  with  nitre  it  is  oxidized,  and  converted  into  chrank 
acid.  With  a  smaller  quantity  of  oxygen  it  forms  the  grecD  or  n^ 
quioxide. 

1071.  Sesquioxide  of  Chromium,  2Cr+30,  Cr,  or  CiH)»,  681 

eq  chrom.  -{-2^  3  eq.  oxy.  =  80  equiv.  This,  the  only  koovt 
oxide  of  chromium,  is  prepared  by  dissolving  chromate  of  potaasiii 
water,  and  mixing  it  with  a  solution  of  nitrate  of  protoxide  of  meitt- 
ry ;  when  an  orange  coloured  precipitate,  chromate  of  that  oxidib 
subsides.  On  heating  this  salt  to  redness  in  an  earthen  cmcibh 
the  mercury  is  dissipated  in  vapour,  and  the  chromic  acid  is  xeaobii 
into  oxygen  and  sesquioxide  of  chromium. 

1072.  It  may  also  be  obtained  in  small  tabular  crjrstals  by  Cfr 
posing  the  bichromate  of  potassa  to  a  strong  red  heat;  leq-of 
chromic  acid  loses  oxygen,  while  the  other  forms  a  neutral  salt  wA 
the  potassa.     The  latter  is  readily  removed  by  boiling  water. 

1073.  Wohler  has  obtained  this  oxide  in  fine  crystals  by  condoe^ 
ing  the  vapour  of  the  oxychloride  of  chromium  (formerly  ^ercUmib) 
through  a  red-hot  glass  tube  ;  it  is  decomposed  and  the  sesqaioxilv 
is  deposited  in  fine  cr}'stals,  a  mixture  of  oxygen  and  chlorine  gftM 
is  evolved. 

1074.  As  obtained  by  cither  of  the  first  processes,  it  is  a  gnm 
powder  ;  but  the  crystals  of  Wohlcr  are  black,  and  possess  a  stray 
metallic  lustre,  resembling  specular  iron  ore  ;  it  is  as  hard  as  conr 
dum,  and  has  a  sp.  gr.  of  5.21 ;  its  powder  is  green. 

1075.  It  is  insoluble  in  water,  and  after  being  strongly  heated  n» 
»ists  the  action  of  the  strongest  acids.  It  is  oxidized  when  deli* 
grated  with  nitre.  It  communicates  a  green  colour  to  borax,  agfloi 
test  of  its  presence,  and  a  useful  property  in  the  arts.  To  il  iht 
emprald  owes  its  colour. 

1076.  Sesquioxide  of  chromium  is  a  salifiable  base,  and  its  nh 
which  have  a  green  colour,  may  easily  be  prepared  in  the  follovim 
manner. 


To  a  boiling  solution  of  chroinnto  of  potaaa  in  water,  equal  meaiurH 
hydrochloric  acid  and  alcohol  are  addi'd  in  tiicccssive  amall  portknu, 
red  tint  of  the  chromic  acid  disappears  entirely,  and  the  liquid  acqnirat  i|fli 
green  colour.  On  pourinji;  an  exc^^HS  of  pure  ammonia  into  (bis  aoluiiMfS^ 
green  bulky  hydrate  subsidoH,  which  consists  of  one  equivalent  of  the  aatt^ 
twontysix  equivalentd  of  water.t 

The  oxide,  in  this  state,  is  readily  dissolved  by  acids.     On  Oft 
ling  the  water  by  heat,  the  sudden  approximation  of  the  partialis 


*  An,  de  Ch.  et  de  Ph.  xlviiL  297. 
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iptly  occurs  at  a  certain  temperature,  causes  such  intense    Stct.  vi. 
)f  heat  that  the  whole  mass  becomes  vividly  incandescent, 
lydrous  sesquioxide  is  formed  when  bichromate  of  potassa 
x>iled  with  sugar  and  a  little  hydrochloric  acid. 

'krovik  Acid,  Cr+30,  Cr,  or  Cr(y,  28  1  eq.  chr.  +  24  3  chromic 
=  62  equiv.,  may  be  procured  from  the  ore  called  chromale  »ad. 
y  the  following  process. 

ic  ore  to  iino  p<iwder,  heat  it  rod-hot  for  two  houre,  mixed  with  half  ppj^^, 
r  nitr«  ;  woHh  the  rontentu  of  the  crucible,  and  add  to  the  lixivium 
>  neutralize  the  cxceiM  of  potama  ;  a  solution  of  nitrate  and  chromate 

obtained.  Upon  adding  nitrate  of  lead  to  this  solution,  chromate  of 
pitated  in  the  tbnu  uf  a  yellow  powder,  which  is  to  be  wanhed,  dried, 
:o  redness.  Of  this  chromate  four  parts  arc  then  well  mixed  with 
\y  powdered  and  pure  fluor  sjiar  (previously  heated  red-hot),  and  five 
ncentratfd  sulphuric  acid  ;  this  mixture  is  introduced  into  a  distilla- 
ui  of  lead  or  platinum,  and  gently  heated  ;  a  red  vapour  is  liberated, 
iductcd  into  diHtillcd  water  contained  in  a  vcMsel  of  platinum  ;  it  is 
ised  into  a  dark  orange-coloured  liquid  ;  the  red  vapour  is  a  fluoride 
I,  and  is  resolved  by  water  into  hydmtluoric  and  chromic  acids,  the 
vhich,  eviiporated  in  a  platinum  vessel,  leaves  mire  chnmiic  acid.  If, 
onducting  the  vapour  into  water,  it  be  receivea  into  a  platinum  vos- 
n^  pieces  of  nioixt  blotting  pnper,  it  is  decomiiosed  as  before ;  but  tho 
J  IS  deposited  in  beautiful  acicularcrysUds  wliich  soon  deliquewe.  B. 

obtained  by  dropping  iiydrorhloric  arid  into  a  mixture  of  chromate 
1  distilled  water,  until  the  rod  brown  colour  is  reduce<)  to  white  with  Hayes's 
ed  ;  at  the  same  time  filtering  and  cautiously  adding  a  few  dro(M  ofP'^^^**- 
3  arid,  till  a  white  precipitate  ceases  to  be  formed.  When  large  quan- 
quired,  the  bichromate  of  lead  may  be  added  to  strong  hydrochloric 
e  mixture  placed  on  a  warm  sand-luith  for  a  few  hourv,  occasionally 
mass.  Water  may  then  be  a<)ded,  and  filtered  from  the  chloride  of 
le  filtered  fluid  used  instead  of  the  hydrochloric  acid  in  decoini>osing 
te  of  silver;  iu  cither  process  a  solution  of  pure  chromic  acid  is  ob- 

!3hromic  acid,  according  to  Turner,  is  black  while  warm,  properties. 

dark  red  colour  when  cold  ;  according  to  Hayes  it  is  yel- 

»wn  when  dry.     It  is  very  soluble  in   water,  renderins^  it 

low  according  to  the  degree  of  dilution  ;  when  the  solution 

rated  by  heat  and  allowed  to  cool  il  deposits  red  crystals 

I  deliquescent.     The  solution  has  an  acid  and  astringent 

.caches  litmus  and  blue  paper. 

chromic  acid  is  converted  into  the  sesquioxide,  with  evolution  Dcoxidiz- 

),  by  exposure  to  a  strong  heat.     It  is  more  or  less  com-  eJ. 

nverted  into  the  oxide  by  being  boiled  with  sugar,  starch, 

}  other  organic  principles.     It  destroys  the  colour  of  indigo, 

»3t  vegetable  and  animal  colouring  matters ;  a  property  ad- 


D  Amer.  Jour,  xiv.  13C. 

'  method  consists  in  decomposinff  t  hot  concentrated  solution  of  bichro-  m,^,., 
atM  lijr  silicaled  hydrtifliionc  acid.  The  chromic  acid,  after  l>eing  sepa-  mvihoJ. 
he  sparingly  soluble  fluoride  of  silicon  and  potassium,  is  evaporated  to 
I  pbtinum  capsule,  and  then  redissoWed  in  the  »mallest  pnsi<»iMe  quantity 
By  this  means  the  last  portions  of  the  double  salt  are  rendered  insoluble, 
e  chromic  acid  may  be  separated  by  decantation.  The  acid  must  not  he 
lis  concentraleil  state,  as  it  then  corrodes  paper  like  sulphuric  acid,  and  is 
ito  chromate  of  the  sesquioxide  of  chromium.  When  it  is  wished  to  pre- 
!  quantity  of  chromic  acid  hy  this  process,  porcelain  vessels  may  Ikj  safely 
1  the  first  part  of  the  operniion,  pmvided  care  is  taken  to  odd  a  quantity 
hydrofluoric  acid  not  quite  sufficient  for  precipitating  the  whole  of  the  po- 
in.  Jour,  of  Sci,  viii.  176  ;  see  also  Henry's  Chem.  ii.  62,  Brewster's  Jour. 
ad  Gray's  O^r.  Oiem.  750. 
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Ctop.  !▼■  vantageoasly  employed  in  calico  printin£f,  and  which  manifestly 
depends  on  the  facility  with  which  it  is  deprived  of  osygen. 

Colour  9uc.  ^^^'  Chromic  acid  is  characterized  hy  its  colour,  and  by  forroiaf 
coloured  sahs  with  alkaline  bases.  The  roost  important  of  these 
salts  is  chromate  of  protoxide  of  lead,  which  is  found  native  in  tnli 
quantity,  and  is  easily  prepared  by  mixing  chromate  of  potassa  with  i 
soluble  salt  of  lead,  it  is  of  a  rich  yellow  colour,  and  is  empbjii 
in  the  arts  of  painting  and  dyeing  to  great  extent.* 

Proceu.  1081.  Perjtuoride  of  Chromium.  CrP?  When  a  mixture  erf*  thras 

parts  of  flu  or  spar  and  four  of  chromate  of  protoxide  of  lead  is  di» 
tilled  with  five  parts  of  fuming  or  even  common  sulphuric  acid  io  i 
leaden  retort,  a  red-coloured  gas  is  disengaged,  which  acts  rapidlj 
on  glass,  with  deposition  of  chromic  acid  and  formation  of  flucMaliEM 
acid  gas.     It  is  absorbed  by  water,  and  the  solution  is  found  to  eoi* 

Properties,  tain  a  mixture  of  fluoric  and  chromic  acids.  The  watery  vapoorrf 
the  air  eflects  its  decomposition,  so  that  when  mixed  with  air,  ml 
fumes  appear,  owing  to  the  separation  of  minute  crystals  of  chrMSS 
acid.     Its  true  composition  is  not  yet  determined. 

Oxychlo-         Oxychloride  of  Chromium,  CrCl'+SCrO',  238.26  equi  v.,  was  dis- 

ride.  covered   at  the  same  time  as  the  preceding,  end  was  obtained  bf 

the  action  of  fuming  sulphuric  acid  on  a  mixture  of  about  eqpd 
weights  of  chromate  of  protoxide  of  lead  and  chloride  of  sodiaSi 
It  is  a  heavy  red  liquid,  volatile  and  yielding  red  vapours  when  cfr 
posed  to  the  air.  It  is  decomposed  by  water  into  hydrochloric  sal 
chromic  acids. 

Vanadiu7]u 

Symb.  y        Equiv.  68.5 

1032,  Vanadium,  so  called  from  Vanadis^  the  name  of  a  Sesndi- 
^****^*'^*  navian  Deity,  was  discovered  in  the  year  1830,  by  Sefstrom,  of  Fib- 
lun,  in  iron  prepared  from  the  iron-ore  of  Taberg,  in  Sweden.  He 
afterwards  found  a  more  abundant  source  in  the  slag  or  ante 
furmed  during  the  conversion  of  the  cast  iron  of  Taberg  into  the  wtir 
leable  iron.  Soon  after,  the  same  metal  was  found,  by  JohnsoDiiii 
a  mineral  from  Wanlock-head,  in  Scotland,  where  it  occurs  sssil- 
nadiate  of  protoxide  of  lead.  A  similar  mineral,  found  at  Zima^ 
in  Mexico,  was  examined  in  the  year  1 801  by  del  Rio. 

1083.  Vanadium  was  obtained  by  a  complicated  processt  fromiki 
slag-f  but  may  be  more  easily  procured  from  native  vanadiate  of  ksi 

Proeen.  1*he  ore  in  diuolved  in  nitric  acid,  tho  lead  and  anenic  are  precipilala^tv  ^ 

dnMulpliuhc  ai'id,  a  blue  soluiion  in  formed  and  evnporated  to  dryneaa.  Taii» 
aiduo  w  disHolved  by  ammoiiin,  and  the  vanadiate  of  ammonia  precipitMid  If  S 
piece  uf  Ral  ammoniac.  The  vanadic  acid  is  thue  acparatml  from  aneDiCtyki^ 
pboric,  and  hydrochloric  acid*  witli  which  it  in  general ty  aaaociated. 

Appear-  1081.  Vanadium  was  separated  in  a  pulverulent  state,  by  meaaii' 

aoce.  dLc.     potassium,  having  but  little  tenacity  or  appearance  of  a  metal    Bst 

*  SeaquichlorUle  of  Chromium.  2Crf3Cl,  or  Ct^CW  66  2  cq.  chrom.  +  !••«* 
eq.  chlor.  =  1 G2  2C  equiv.  It  is  prepared  by  traiisniittin;  dry  chlorine  gaa  over  a  ■!> 
ture  oruzidr  orchromium  and  charcoal  heated  to  rednets  in  a  tube  of  porcelaib;  *ft* 
the  sesqiiichloridc  gradually  collects  as  a  crystalline  luhlimale  of  a  pemeh-fmfk^ 
lonr,  which  in  thin  layers  is  transparent,  hut  in  thicker  masses  is  0|iaqiM.  Titi* 
quichloride  orchromium  dissolves  slowly  forming  a  deep  gret n  idlniioa. 

t  For  iha  dttailt  laa  TurnaHa  JE7«men/t,  S44. 
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under  itrong  pressure  it  assumed  a  lustre  like  that  of  graphite.    By   sttvi. 

m  process  of  Rose's  it  had  more  of  a  metallic  appearaoce,  a  white 

colour,  and  strong  lustre. 

IU65.  It  is  so  extremely  brittle  that  it  cannot  be  removed  with* 

o«l  falling  into  powder.     It  is  not  oxidized  either  by  air  or  water ;  J^^"**** 
,     mlchough  by  continued  exposure  to  the  air  its  lustre  gradually  grows 
I     weaker,  and  it  acquires  a  reddish  tint.     It  is  not  dissolved  by  Iwiling 

valphuric,  hydnichloric,  or  hydrofluoric  acid ;  but  by  nitric  and  nitro- 
j      hvdrochloric  acid  it  is  attacked,  and  the  solution  has  a  beautiful  dark 

wie  colour.     It  is  not  oxidized  by  being  boiled  with  caustic  potassa, 

nor  by  carbonated  alkalies  at  a  red  heat. 

f  Vm.  Protoxide  of  Vanadium,     V-f  O,  V,  or  VO.  68.6  1   eq.  Protoxids. 

I  iranad.  -4*  8  ^  ^*  oxy*  =  76.5  equiv.     This  compound  is  readily 

j  fermed  from  vanadic  acid  by  the  combined  agency  of  beat  and  char- 

I  ceal  or  hydrogen  gas.     When  rendered  coherent  by  compression  it 

J  foasetses  a  property  very  unusual  in  oxides,  that  of  conducting 

^  ^electricity,  and  in  relation  to  zinc  of  being  as  strongly  electro-nega- 
liTe  at  ailver  or  copper. 

I         10S7.  Binotide  of  Vanadium.    V+20,  V,  or  VO',  6a6  1  ea.  Binozidt. 

I     lened.  -f*  ^6  2  eq.  oxy.  =:  84.5  equiv.     This  oxide  is  best  prepared, 

g     in  the  dry  way,  by  heating  to  full  redness  an  intimate  mixture  of  10 

if    parts  of  the  protoxide  with  12  of  vanadic  acid  in  a  vessel  filled  with 

a    carbonic  acid,  or  from  which  combustible  matter  on  the  one  hand, 

g    mad  oxygen  gas  on  the  other,  are  carefully  excluded. 

The  salts  of  the  binoxide  of  vanadium  are  distinguished  by  their 

blae  colour,  and  by  forming  with  solution  of  galUnuts  a  black  com« 

|ieandi  a  tanaatc  of  the  binoxide,  very  similar  to  ink. 

The  binoxide  is  disposed  to  act  the  part  of  an  acid  by  uniting  with 
i  alkaline  bases,  with  which  it  forms  definite  and  in  some  cases  crys- 
s   laHine  compounds. 

^  108a  Vanadic  Acid,  V+30,  V,  or  VO*,  68.5  1  eq.  vanad.  +  24  Vaudio 
9  eq.  ozy.  =  92.5  equiv.,  is  tasteless,  insoluble  in  alcohol,  and  very  >cid, 
diiffhily  soluble  in  water,  which  takes  up  rather  less  than  -nAiv  of  its 
^if  Its  weight,  acquiring  a  yellow  colour  and  an  acid- reaction.  Heat* 
^  with  combustible  matter  it  is  deoxidized,  being  converted  into  the 
WOCoaide  or  binoxide,  or  mixtures  of  these  oxides.  In  solutions  it  is 
Wprived  of  oxygen  by  all  deoxidizing  agents. 

1089.  Vanadic  acid  unites  with  salifiable  bases  often  in  two  or  g^ita  of, 
Viore  proportions,  forminff  soluble  salts  v/iih  the  alkalies,  and  in  ge- 
avral  sparingly  soluble  salts  with  the  other  metallic  oxides.    Those 
^viih  excess  of  acid  are  commonly  of  a  red  or  orange-red  colour. 
Koflt  of  the  neutral  salts  are  yellow. 

Vanadic  acid  is  distinguished  from  all  other  acids  except  the  chrc^ 
snie  bf  its  colour,  and  from  this  acid  by  the  action  of  deoxidizing 
vubstances,  which  give  a  blue  solution  with  the  former  and  a  green 
'   with  the  latter. 

1000.  SnlpkureU.     When  the  binoxide  of  vanadium  is  heated  to  Sulphoiti . 
Mdaess  in  a  current  of  hydrosulphuric  acid  gas,  it  is  convened  into 
fjiotoaide,  and  both  water  and  sulphur  are  obtained  :  on  continuing 
process  the  nrotoxide  is  decomposed,  hydrogen  gas  and  water 
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ChAD.  IT    P^**  ^^^^*  ^"^  bisulphuret  of  vanadium  is  generated.     (BisnlphiiRt 
— ^^— ^  of  Vanadium,  V+2S,  or  VS*,  68.6  1  eq.  vanad.  +  32.2  2  eq.  salpk. 

=  100.7  equiv.) 

1091.  When  a  solution  of  vanadic  acid  in  hydrosulphateof  amnd- 

nia  is  acidulated  by  hydrochloric  or  sulphuric  acid,  the  hydFatcdftf- 
Temlphu-  sulphuret  of  vanadium  subsides.  Its  colourisofamoch  lighter  bnm 
^^  than  the  bisulphuret,  becomes  almost  black  in  drying,  and  is 

by  a  red  heat  m  close  vessels  into  the  bisulphuret,  with  loesof 

and  sulphur.*' 

Molybdenum, 

Siftnb,  Mo       EqftM,  47.r 

Q^  1092.  The  sulphuret  is  the  most  common  natural  eomymaH 

this  metal. 

When  this  ore,  in  fine  powder,  is  dieted  in  nitro-hydrochlorie  anl  wti 
completely  decomposed,  tod  the  residue  is  briskly  betted,  in  ord«r  to  tiptli^ 
pbunc  acid,  molybdic  acid  remains  in  the  form  of  a  white  ii««>  j  powder.  Tim 
this  acid  metallic  molybdenum  may  be  obtaim  d  b^  exposing  it  with  charootl  to  lb 
strongest  heat  of  a  smith's  forge ;  or  by  conducting  over  it  a  conwit  of  fcydrafB 
gas  while  strongly  heated  in  a  tabe  of  porcelain,  t 

Properties.  1093.  Molybdenum  is  a  brittle  metal,  very  infusible,  and  of  i 
white  colour.  It  has  been  procured  but  in  small  quantiiiet,  and  0 
properties  are  known  imperfectly.  Its  sp.  gr.  is  8.61&  Wki 
neated  in  open  vessels  it  absorbs  oxygen,  and  is  converted  ialoa^ 
lybdic  acid. 

1094.  Protoxide  of  Molybdenum.  Mo+0,  Mo  or  MoO,  47.71  m. 
molyb.  -f-  8  1  eq.  oxy.  =  55.7  equiv.  This  oxide  is  obtaiiii 
according  to  Berzelius,  by  precipitating  the  hydrochloric  aohiMirf 
molybdic  acid  by  zinc,  it  is  in  the  form  of  a  brown  hydrate  iii 
gives  dark  coloured  solutions  with  the  acids. 

1095.  Binoxide  of  Molybdenum,  Mo-f-20,  Mo,  or  MoO^  CI 
molyb.  -f-  16  oxy.  =  63.7  equiv.,  is  obtained  as  a  deep  fanwa» 
hydrous  powder  by  mixing  molybdate  of  soda  with  half  its  wei|itif 
sal  ammoniac  in  tine  powder,  projecting  the  mixture  into  a  itMrt 
crucible  which  is  to  be  instantly  covered,  and  the  heat  coonM' 
until  vapours  of  sal  ammoniac  cease  to  appear. 

1096.  The  hydrate,  of  a  rust-brown  colour,  may  be  fatmd^ 
digesting  molybdenum  in  powder  with  molybdic  acid  diaehaJ* 
hydrochloric  acid,  until  the  liquid  acquires  a  deep  redcoitv,*' 
then  adding  ammonia ;  or  by  adding  ammonia  to  a  aolatieo  sf  if 
bichloride. 

1097.  The  anhydrous  binoxide  is  insoluble  in  acids  and  is  cMH 
into  molybdic  acid  by  strong  nitric  acid.  The  hydrate  is  wiffi' 
hydrated  peroxide  of  iron,  is  dissolved  by  acids  with  which  iiWi' 
red  sahs,  is  insoluble  in  the  alkalies,  but  dissolves  in  alkaliot  olk^ 
nates.     It  is  soluble,  though  sparingly,  in  pure  water. 

1098.  Molybdic  Acid.  Mo-|-30,  or  MoO*,  47.7  1  ea.  mofjif 
24  3eq.  oxy.  =  71  7  equiv.  When  sulphuret  of  molybdMfl' 
roasted  in  an  open  crucible  kept  at  a  low  red  heat,  and  stint' »^ 
sulphurous  acid  ceases  to  escape,  a  dirty  yellow  powder  ii  i*^ 
which  contains  impure  molybdic  acid.     The  acid  is  taken  vp  tf  >*' 
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monia  and  tho  filtered  solution  evaporated  to  dryness ;  it  is  again  J^ct.  vi. 
taken  up  by  water,  a  little  ammonia  being  added,  and  filtered ;  and 
it  id  then  purified  by  crystallization.  On  heating  gently  in  an  o|ien 
platinum  crucible,  taking  care  to  prevent  fusion,  the  ammonia  is  ex- 
pelled, and  the  pure  acid  remains.  It  is  also  obtained  by  oxidizing 
tli«  binoxide  with  nitric  acid. 

M olybdic  acid  is  a  white  powder,  of  sp.  gr.  3.49,  fusible  by  a  red 
heat  into  a  yellow  liquid.  It  requires  S70  times  its  weight  of  water 
for  solutiou.  It  is  soluble  in  the  alkalies,  forming  colourless  molyb- 
daies,  from  which  molybdic  acid  is  precipitated  by  the  stronger  acids. 

1099.  Sulphurets.  Molybdenum  combines  with  sulphur  in  three  Solphni^s. 
proportions.  The  lowest  grade  is  the  bisulphuret,  which  is  the  most 
common  ore  of  molybdenum,  and  is  usually  associated  with  ores  of 
tiiiv  has  a  lead-gray  colour  and  metallic  lustre  resembling  graphite, 
for  which  it  was  formerly  mistaken.  Its  density  varies  from  4.138 
to  4.569.  It  bears  a  strong  heat  in  close  vessels  without  change, 
bat  is  oxidized  by  nitric  acid. 

Tungsten. 

Symb.  W        Equiv,  94^ 

1100.  Tungsten,  or  Tungstenum,  signifies  a  heavy  stone,  and  is 
m  name  given  by  the  Swedes  to  a  mineral,  which  Scheele  found  to  *I'*>"ff*<<B* 
cootain  a  peculiar  metal,  as  he  supposed  in  the  state  of  an  acid, 
united   with  lime.     The  same  metallic  substance  was  afterwards 
fband  united  with  iron  and  manganese  in  wolfram. 

1101.  The  metal  is  obtained  by  exposing  a  mixture  of  tungstic 
add  and  charcoal  to  a  strong  heat.  It  is  difficult  of  fusion,  very 
hard,  brittle,  and  of  an  iron  colour.     Its  sp.  gr.  is  17.5.     By  the  ac- 

r  taon  of  heat  and  air,  tungsten  is  converted  into  tungstic  acid. 

1102.  Wolfram  is  found  in  primitive  countries  generally  accoro-^^l^,^ 
i  panying  tin  ores ;  its  colour  is  brownish  black ;  it  occurs  massive 

-   and  crystallized.* 

1103.  Binoxide  of  Tungsten,  W+20,  W.  or  W0»,  94.8  1  eq. 
laogat.  -^  16  2  eq.  oxy.  =  110.8  equiv.,  is  formed  by  the  action  of 
hydrogen  gas  on  tungstic  acid  at  a  low  red  heat ;  but  the  best  mode  of 
procuring  it  both  pure  and  in  quantity,  is  that  recommended  by 
Wohler. 

Binoxide  of  tungsten,  when  prepared  by  means  of  hydrogen  gas,  pi^^^^^ 
hmm  a  brown  colour,  and  when  polished  acquires  the  colour  of  copper ;  ^^^ 
tnt  when  procured  by  Wohler's  process,  it  is  nearly  black.     It  does 
unite,  so  far  as  is  known,  with  acids ;  and  when  heated  to  near 
I,  it  takes  fire  and  yields  tungstic  acid. 


~\ 


1104.  Tungstic  Acid.    W+30.  W,  WO'.  94.8  1  eq.  tungst.  +  . 

S4  3eq.  oxy.  =  118.8  equiv.     A  convenient  method  of  preparing  J^Sf"** 
taDgstic  acid  is  by  digesting  native  tungstate  of  lime,t  very  finely 
lerigatedt  in  nitric  acid  ;  by  which  means  nitrate  of  lime  is  formed* 

*  Pot  Wohler's  process  for  obtainiog  the  binoxide  from  this  ore,  see  Q^art.  Jour. 
^  Sd.  XX.  177,  sod  Turner,  p.  352. 

t  A  whitish  semi-transparent  substance,  found  in  England,  Saxony,  Bohemia,  and 

"^    i,  sad  oeeorriag  crjstaUised  aad  massive.    lu  moat  usual  form  is  Um  oetoht-  ^Jf*"  ** 
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Chap.  IV.  and  tungstic  acid  separated  in  the  form  of  a  yellow  powder.  Taiif 
Stic  acid  may  also  he  prepared  by  the  action  of  hydrochloric  acid  on 
wolfram.  It  is  also  obtained  by  heating  the  binoxide  to  redDen  is 
open  vessels. 

Tungstic  acid  is  of  a  yellow  colour,  is  insoluble  in  water,  mai  !■• 
no  action  on  litmus  paper.     With  alkaline  bases  it  forms  salts  caM 
tungstates,  which  are  decomposed  by  the  stronger  acids.     Heated  ia 
open  vessels,  it  acquires  a  green  colour,  and  becomes  bine  ^^5!L^ 
posed  to  the  action  of  hydrogen  gas  at  a  temperature  of  fiOCT  or 
600^  F. 
Clilorides.       1105.  Chlorides,    Tungsten  and  chlorine  unite  in  two  prepo^ 
tions.     When  metallic  tungsten  is  heated  in  chlorine   gas,  it  takes 
fire  and  yields  the  bichloride  ;  ( W+2C1,  or  WCP,  M.8  1  eq.  taagiL 
+  70.84  2  eq.  chlor.  =  165.64  equiv.)     Wohler  has  described  aas- 
ther  chloride  formed  at  the  same  time  which  is  converted  by  walcr 
into  hydrochloric  and  tungstic  acids.     It  exists  in  beautiful  crysttb 
of  a  fine  red  colour. 
Bisalpba-        1106.  Bisulphurct  of  Tungsten,  W+2S,  or  WS*.  MB  1  eq- 
v^t.  tungst.  -|-  32.2  2  eq.  sulph.  =  127  eauiv.,  is  obtained  bypaanv 

hydrosulphuric  acid  gas,  or  the  vapour  of  sulphur,  over  tungMcadl 
heated  to  whiteness  in  a  tube  of  porcelain. 

Colttmbium, 

Sf/mb.  Ta       Equiv,  186 

Dlfcorvrj.       1107.  This  metal  was  discovered  in  1801,  by  Hatchett,  in  a  bU 
mineral  in   the  British  museum,  which  had  been   sent  by  Gar. 
Winthrop  to  Sir  Hans  Sloane,  from  the  vicinity  of  New-L^Ddoais 
Connecticut.* 
Tftoulite        ^  metal  analogous  in  its  properties  to  colnmbium,  was  discovsRl 
andyttro-    bv  Ekeberg,  a  Swedish  chemist,  in  two  different  minerals,  csIM 
^1^^^^'     Tantalite  and  Yttro-tantalite.    To  this  metal  he  gave  the  naaerf 
^^"'^-  tantalum.    The  identity  of  these  metals,  however,  was  estaUiskici 
in  1809,  by  Wollaston. 
Colambie        1108.  Columbic  acid  is  with  difficulty  reduced  to  the  netob 
*^^'  state  by  the  action  of  heat  and  charcoal ;  but  Berzelius  snccecdsdii 

obtaining  this  metal  by  the  same  process  which  he  employed  ia  At 
preparation  of  zirconium  and  silicon,  namely,  by  heating  potaiMi 
with  the  double  fluoride  of  potassium  and  columbium.     On  wasUif 
the  reduced  mass  with  hot  water,  columbium  is  lef^  in  the  fom  sfa 
black  powder.     In  this  state  it  does  not  conduct  electricity ;  botias 
denser  state  it  is  a  perfect  conductor.     By  pressure  it  acquires  a^ 
tallic  lustre,  and  has  an  iron-gray  colour, 
p^^yp,,^       1 109.  It  is  not  fusible  at  the  temperature  at  which  glass  is  tomL 
When  heated  in  the  open  air,  it  takes  fire  yielding  colorobic  sdi 
It  is  dissolved  with  heat  and  disengagement  of  hydrogen  gas  by  If 
drofluoric  acid,  and  still  more  easily  by  a  mixture  of  nitric  aai 
hydrofluoric  acids.    It  is  also  converted  into  columbic  acid  by  Mm 
with   hydrate  of  potassa,  the  hydrogen  gas  of  the  water  bein 
evolved. 

*  Ptobvblv  HaddtiDr  when  it  was  reditcorered  by  Torrry  (Awur*  J^ht.  iv.  tt^  A 
erytial  wtisbins  fimrtMo  poands  was  found  hy  JohnsoQ,  Ibid,  xmm.  SSr. 
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1110.  Binozide  of  Columlnum,  Ta+20,  fa,  or  TaO*.  186  1  eq.    •^  ^ 
columb.  -f-  16  2  cq.  oxy.  :=  201  equiv.,  is  generated  by  placing  co*  Binozide. 
lumbic  acid  in  a  crucible  lined  with  charcoal,  luting  careful! v  to 
exclude  atmospheric  air,  and  exposing  it  for  an  hour  and  a  half  to 
iDiense  heat     When  reduced  to  powder  its  colour  is  dark  brown. 

It  is  not  attacked  by  any  acid,  but  it  is  converted  into  columbic  acid 
either  by  fusion  with  hydrate  of  potassa,  or  deflagration  with  nitre. 

1111.  Columbic  Add.    Ta-|^0,  ta,  or  TaO*,  185  1  eq.  columb.  Colambit 
4-  24  3  eq.  oxy.  =  209  equiv.     Columbiunrexists  in  most  of  its  *^* 
ores  as  an  acid,  united  either  with  the  oxides  of  iron  and  manganese, 

M  in  tantalite,  or  with  the  earth  yttria,  as  in  the  y ttro-tantalitc.  This 
acid  is  obtained  by  fusing  its  ore  with  three  or  ^ur  times  its  weight 
of  carbonate  of  potassa,  when  a  soluble  columbate  of  that  alkali  re- 
sults, from  which  columbic  acid  is  precipitated  as  a  white  hydrate  by 
acids. 

1112.  Hydrated  columbic  acid  is  tasteless  and  insoluble  in  water ;  Properties. 
bat  when  placed  on  moistened  litmus  paper,  it  communicates  a  red 

tinge.  It  is  dissolved  by  the  sulphuric,  hydrochloric,  and  some  ve- 
^table  acids ;  but  it  does  not  appear  to  form  definite  compounds 
with  them.  With  alkalies  it  unites  rea<Iily ;  when  the  hydrated  acid 
is  heated  to  redness,  water  is  expelled,  and  the  anhydrous  colum- 
bic acid  remains. 

Antimony, 

Symh.  Sb        Eguiv.  64.6 

1113.  This  metal  is  found  native  in  Sweden,  in  France,  and  in  q,,, 
the  Hartz;  but  its  principal  ore  is  the  sulphuret  which  is  found  mas- 
■iTe  and  crystallized,  and  of  which  there  are  several  varieties.     The 
most  common  is  the  radiated,  which  is  of  a  gray  colour  and  brittle. 
This  ore  may  be  decomposed,  and  the  pure  metal  obtained  from  it, 

by  the  following  process  : 

Mix  thrae  parts  of  tbe  powdered  sulphuret  with  two  of  crude  tartar,  one  of  ni-  Reducttoa 
tffVt  *Bd  throw  the  mixture  by  spoonfuls  into  a  red-hot  crucible;  then  heat  of. 
tka  mas*  to  redness,  and  a  button  will  be  found  at  the  twttom  of  the  crucible, 
vrhaeb  is  the  metal  as  it  commonly  occurs  in  commerce. 

1114.  The  metal  thus  obtained  is  not  pure  enough  for  chemical 
nee,  and  for  that  should  be  procured  by  heating  the  sesquioxide  with 
an  equal  weight  of  cream  of  tartar. 

1115.  Antimony  (sometimes  called  regulus  of  antimony),  is  of  a  Propeniss. 
aihrery  white  colour,  brittle,  and  crystalline  in  its  ordinary  texture. 

It  fiu^es  at  about  810**  and  is  volatile  at  n  high  heat.  Its  specific 
pmvity  is  6.702.  Placed  upon  ignited  charcoal,  under  a  current  of 
ozynn  gas,  antimony  burns  with  great  brilliancy. 

The  vapour  of  water,  brought  into  contact  with  ignited  antimony,  Decompo- 
decomposed  with  so  much  rapidity  as  to  produce  a  series  of  deto*  let  water. 

tiODS. 

1116.  Sesquioxide  of  Antimony.    2Sb+30,  Sb,  or  Sb'O*,  129.2  2  Sesqoioz- 

«q.  ant.  4~  ^  3  eq.  oxy.  =  153.2  equiv.  When  sesquichloride  of 
antimony,  made  by  boiling  the  native  sulphuret  in  hydrochloric  acid 
<755),  is  poured  into  water,  a  white  curdy  precipitate  subsides, 
fbnneriy  called  powder  of  Algaroth^  which  consists  of  sesquioxide 
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Otp.  TV.  of  antimony  combined  with  undecomposed  seaqaicbloride-  On  de- 
composing (he  latter  by  digestion  with  carbonate  of  potassa  and  thea 
washing  with  watert  the  sesquioxide  is  obtained  in  a  state  of  puritj* 
It  may  also  be  procured  by  adding  carbonate  of  potassa  or  soda  to  t 
solution  of  tartar  emetic,  and  by  sublimation  daring  tbm  combosiioi 
of  antimony.  When  slowly  sublimed  it  condenses  in  fine  needlaiaf 
silvery  whiteness.  It  occurs  as  a  mineral,  the  oxide  of  antimoaj 
of  mineralogists,  the  primary  form  of  which  is  a  right  rhombic  ]iriia« 
isomorphous  with  the  crystals  of  arsenious  acid  lately  obeerfed  If 
Wbhier*     (1049.) 

Propertitfl.  1117.  It  is  a  white  powder,  acquiring  a  yellow  tint  by  heat  S^ 
gr.  5.566.  It  IS  volatile  and  maybe  sublimed;  heated  io  the  aim 
absorb)  oxygen,  and  antimonious  acid  is  generated. 

Ills.  It  is  the  only  oxide  which  forms  regular  salts  with acii^ 
and  is  the  base  of  emetic  tartar,  the  tartrate  of  antimony  and  potaik 

Solabilitv        Most  of  its  salts  are  either  insoluble  in  water,  or,  like  chloridt  rf 

of  iu  Mits.  antimony,  are  decomposed  by  it,  owing  to  the  affinity  of  that  ilaii 
for  the  acid  being  greater  than  that  of  the  acid  for  aeaquioxidt  d 
antimony.  This  oxide  is  therefore  a  feeble  base,  and  indeed  psi* 
sesses  the  property  of  uniting  with  alkalies.  To  the  foregoiagi^ 
mark,  however,  tartrate  of  antimony  and  potassa,  ia  an  ezcaptito» 
for  it  dissolves  readily  in  water  without  change.  By  ezceas  of  IH^ 
taric  or  hydrochloric  acids,  the  insoluble  salts  of  antimooy  OMtyb 
rendered  soluble  in  water. 

Detected.  1119.  The  presence  of  antimony  in  solution  is  easily  detected  lif 
hydrosulphuric  acid.  This  gas  occasions  an  orange-coloured  pifCh 
pitate,  hydrated  sesquisulphuret  of  antimony,  which  ia  aolohle  ii 
pure  potassa,  and  is  dissolved  with  disengagement  of  hydrosalplmrie 
acid  gas  by  hot  hydrochloric  acid,  forming  a  solution  from  wUek 
the  white  oxychloride  {pounder  of  Algaroth)  is  precipitated  hj 
water. 

In  trying  the  efiect  of  reagents  on  solutions  of  sesquioxide  of  a* 
timony,  it  is  convenient  to  employ  tartar  emetic,  from  its  propeitjrf 
dissolving  in  pure  water  without  decomposition.   T.  ssr. 

It  may  be  detected  when  present  even  in  small  quantity  by  t^ 
composing  antimoniuretted  hydrogen,  in  the  apparatus  (fig.  179^  f 

Antimpni-      1 120.  ArUimonums  Add,  2Sh4-40,  Sb,  or  Sb*0*,  129.2  2  eq.  aotiB' 

'  -f-  32  4  eq.  oxy.  =  161.2  equiv.  When  metallic  antimony  is  fr 
gested  in  strong  nitric  acid,  the  metal  is  oxidized  at  the  expense  d 
the  acid,  and  hydrated  antimonic  acid  is  formed  ;  on  exposiof  dui 
substance  to  a  red  heat,  it  gives  out  water  and  oxygen  gas,  and  ii 
converted  into  antimonious  acid.  It  is  also  generated  whenlki 
oxide  is  exposed  to  heat  in  open  vessels. 

1121.  This  acid  is  formed  in  the  process  of  preparing  the  Pd* 
Antimonialis  of  the  Pharmacopceia.  Antimonious  acid  is  whin 
while  cold,  but  yellow  when  heated,  is  very  infusible,  and  fixed  is 
the  fire,  two  characters  by  which  it  is  readily  distinguished  fron  tht 


Properties. 


^Ann.  de  Chim,  et  de  Phyt,  Ii.  SOI. 

t  For  the  method  of  deteetiag  antimooy  in  mind  floids,  Ac,  ass 
tad  Ckiiitisoa  oa  PoiioM,  Ui. 


piVt 


Oxy9ulpkw^  of  Antimony.  98^ 


letqtkiozide.    It  is  insoluble  in  water,  and  likewise  in  acids  after  Sicl  vi. 
being  heated  to  redness.     It  combines  in  definite  proportions  with 
alkalies,  and  its  salts  are  called  antinumites,    Aiitimonious  acid  is 
precipitated  from  these  salts  by  acids  as  a  hydrate. 


.•»-» 


1122.  Afdmonic  Acid,  2Sb+50,  Sb,  or  Sb'O',  129.2  2  eq.  antim.  Antimoiiie 

4*  40  5  eq.  oxy.  =  169.2  equiv.,  sometimes  called  peroxide  of  an-  •*"*' 
timony,  is  obtamed  as  a  white  hydrate,  by  digesting  the  metal  in 
atroDg  nitric  acid,  or  by  dissolving  it  in  nitro-hydrochloric  acid,  con- 
centrating by  heat  and  throwing  the  solution  into  water.  When  re- 
cently precipitated  it  reddens  litmus,  and  may  be  dissolved  in  water 
by  means  of  hydrochloric  or  tartaric  acid.  It  does  not  enter  into 
definite  combination  with  acids,  but  with  alkalies  forms  salts^  which 
ue  called  arUinwniates,  When  hydrated  antimonic  acid  is  exposed 
lo  a  temperature  of  500^  or  GOO"*  F.,  the  water  is  evolved,  and  the 
anhydrous  acid  of  a  yellow  colour  remains ;  exposed  to  a  red  heat» 
it  parts  with  oxygen,  and  is  converted  into  antimonious  acid. 

1123.  Chlorides  of  Antimony,  2SbHr3Cl  or  Sb«Cl\  129.2  2  eq.  Chloride.. 
utim.  -j-  106.26  3  eq.  chlor.  t=  235.46  equiv.     When  antimony  in 
powder  is  thrown  into  a  jar  of  chlorine  gas,  combustion  ensues,  and 

ihe  eesguichloride  of  antimonv  is  generated,  (616.)  The  same  com- 
poand  may  be  formed  by  distilling  a  mixture  of  antimony  with 
about  twice  and  a  half  its  weight  of  corrosive  sublimate,  when  the 
volatile  sesquichloride  of  antimony  passes  over  into  the  recipient, 
and  metallic  mercury  remains  in  the  retort.  At  common  tempera- 
tores  it  is  a  soft  solid,  thence  called  hutter  of  antimony,  which  is  li- 
tpiefied  by  gentle  heat,  and  crystallizes  on  cooling.  It  deliquesces 
on  exposure  to  the  air."*^ 

1124.  Sesquimlphuret  of  Antimony,  2Sb-f-3S,  or  Sb'S*.  129.2  2  g^^j^. 
oq.  antim.  -f-  48.3  3  eq.  sulph.  =  177.5  equiv.     This  is  by  far  the  phuet. 
moat  abundant  ore  of  antimony,  and  is  hence  employed  in  making 

the  preparations  of  antimony.  Though  generally  compact  or  earthy, 
it  sooietimes  occurs  in  acicular  crystals  and  in  rhombic  prisms.  Us 
wp.  gr.  is  4.62,  colour  red-gray,  and  its  lustre  metallic.  When  heat- 
ed in  close  vessels,  it  enters  into  fusion  without  any  other  change. 

1125.  It  may  be  formed  artificially  by  fusing  together  antimony  ^^^^^ 
and  sulphur,  or  by  transmitting  a  current  of  hydrosulphuric  acid 

ns  through  a  solution  of  tartar  emetic  :  in  this  case  it  falls  as  a  hy« 
diate  of  an  orange-red  colour,  and  does  not  acquire  its  dark  colour 
till  ila  water  is  expelled  by  heat.t 

1126.  Oxysulphuret  of  Antimony,  2Sb*S3 +Sb*0» .  355  2  eq.  q,^,. 
^^[Oisulph.  -f-  153.2  1  eq.  sesquiox.  =  506.2  equiv.,  occurs  in  the  phuitt. 

1  kingdom,  as  the  red  antimony  of  mineralogists.    The  phar- 
maeeotic  preparations,  known  as  glois,  liver  and  crocus  of  antimony, 

*  Biekl9nde  qf  AnHmony,  8Sb+4Cl,  or  SbKJH,  129.a  a  eq.  antim.  4  141.68  4  eq. 
klor.  an  270.88  equiT. 

Ftr^loride  ^  Antinumy,9Sit\-sO\,otStiK:\',  12941  2  eq.  antim.  +  177.1  5  eq. 
cUor.  s  a06.3  equiv. 

t  Oxyehhride  qf  Aniinumy,  2Sb^l3+9Sbn)3,  470.92  2  eq.  teeqoichlor.  +  1378.8 
•  M.  •nqoioxide.  =  1849.72  eqai?.,  ia  obtained  when  an  acid  aolation  of  the  ect- 
fsaeuoriiM  is  thrown  into  a  large  quantity  of  water  and  the  precipiuu  allowed  to 
Mbada.  It  has  baeo  lately  examined  hy  Johnaon,  lea  JEtfm.  PkUm.  Jour,  No. 
as,  aad  XmA  mtf  Attn.  PAOoib  ii;^.  No.  40. 
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ch»p-iV'  are  of  a  similar  nature,  which  are  made  by  roasting  the  aaiivi 
sulphurety  so  as  to  form  sulphurous  acid  and  sesquioxide  of  anuoo* 
ny,  and  then  vitrefying  the  oxide  together  with  undecompoaed  orti 
by  means  of  a  strong  beat*  The  product  will  of  course  difler  te* 
cording  as  more  or  less  of  the  sulphuret  escapes  oxi()atioii  doiiig 
the  process. 
£erm«t  1127.  When  sesquisulphuret  of  antimony  is  boiled  in  a 

mineral.  Qf  potassa  or  soda,  a  liquid  is  obtained,  from  which  on  cooUng 
orange-red  matter  called  kertnei  mineral  is  deposited ;  and  on 
tralizing  the  cold  solution  with  an  acid,  an  additional  qomntity  tf  a 
similar  substance,  the  golden  ndphuret*  of  the  Pliarniacopais«  H^ 
sides.  These  compounds  may  also  be  obtained  by  igniting  aeaqp 
sulphuret  of  antimony  with  an  alkali  or  alkaline  carbonate^  isi 
treating  the  product  with  hot  water;  or  by  boiling  the  minenJiaa 
solution  of  carbonate  of  soda  or  potassa.t 

1128.  Antimony  forms  brittle  alloys  with  the  malleable  mdak 
Alloyi.  Gold  alloyed  with  -j^i^  its  weight  of  antimony,  is  perfectly  brittki 
and  even  the  fumes  of  antimony  in  the  vicinity  of  melted  goU  an 
sufficient  to  destroy  its  ductility.  With  potassium  and  sodium  s 
forms  white  brittle  compounds,  destructible  by  the  action  of  aicisi 
water. 
-^  An  alloy  with  lead  in  the  proportion  of  3  lead  to  1  antimony,  aai 

^Jy^^'  a  small  addition  of  copper,  is  used  for  printer^  ^VP^^  ^^ 
lead  only,  a  white  and  rather  brittle  compound  is  formed,  need  fa 
the  plates  upon  which  music  is  engraved.  With  iron  it  fonsaa 
hard  whitish  alloy,  formerly  called  martial  regultts^  which  mayk 
obtained  by  fusing  two  parts  of  sulphuret  of  antimony  with  one  of 
iron  filings ;  a  scoria  consisting  chieny  of  sulphuret  of  iron  is  fonncJi 
and  the  fused  alloy  beneath  usually  presents  a  stellated  appeannee 
in  consequence  of  its  crystallization.  This  star  was  much  admiirf 
by  the  alchymists,  who  considered  it  a  mysterious  guide  to  tranasn- 
tation.  With  tin,  antimony  constitutes  a  kind  of  pewtert  a 
however,  which  has  also  been  applied  to  some  other  alloys, 
cially  that  of  lead  and  tin.  The  finest  pewter  consists  of  about  H 
parts  of  tin  and  1  of  antimony,  with  a  small  addition  of  copper,  i 
good  white  metal,  used  for  teapots,  is  composed  of  100  UDiSaaD* 
mony,  2  bismuth,  and  2  copper. 

*  Aotimooii  sulpharelum  precipUstum,  tJ.  S.  P. 

t  Grett  difierence  of  opinion  hat  long  existed  m  to  the  natnra  of  kowf-  i* 
Turner,  3fi9. 

The  finett  kermei  U  obuined,  according  to  Cluzel,  from  ■  niatim  of  Oaa' 
lulphuret  of  entunony,  90  of  crystallized  carbonate  oT  soda,  and  lOOO  «  *** 
These  materials  are  boiled  for  half  or  tbreff-quartera  of  an  hour;  the  boc  Mtaaia 
filtered  into  a  warm  Teasel,  in  order  that  it  may  cool  aloirly ;  and  after  84  kiai^^ 
depoftite  is  collected  on  a  alter,  moderately  washed  with  cold  water,  tad  drii' a ' 
temperature  of  70®  or  80<^  F. 

BUidphuret  of  Antimony,  2Sb-HS,  or  SbsS4, 139.8  8  eq.  antim.  +  #4.4  4  •%  i^ 
S3  193.6  eauir. 

Pemdpfiuret  cf  Antimony,  3Sb+6S,or  SbaSS,  189.8  8  eq.  aotim.+  80.f  f  tf.  # 
B  809.7  cquiT. 


Uraniwn —  Certum . 
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Uranium.  w^cuYi. 

Sifmb.  U    Eq.  817 

1129.  This  metal  was  discovered  by  Klaproth  in  1789,»  in  a  min-  Uranium, 
eral  called  pilch-bUnde^  which  consists  of  protoxide  of  uranium  and 

oxido  of  iron. 

The  metal  is  procured  by  heating  the  ore  to  redness,  digesting  its  Ptocms. 
powder  in  pure  nitric  acid  diluted  with  3  or  4  parts  of  water ;  lead 
and  copper  are  separated  by  hydrosulphuric  acid  gns ;  the  solution 
is  concentrated  and  set  aside  when  nitrate  of  sesquioxide  of  uranium 
crystallizes  in  prisms  of  a  lemon  yellow  colour. 

1 130.  The  properties  of  uranium  arc  not  well  known ;  its  sp.  gr.  Propertkt. 
u9.t 

1 131.  Protoxide  of  Uranium,  U+0,  U,  or  Uo,  217  1  eq.  uran.  Protoxidt. 
+  S  1  eq.  oxy.  =:  2S5  cquiv.,  is  of  a  dark  green  colour,  and  is  ob- 
faiined  by  decomposing  the  nitrate  of  the  sesquioxide  by  heat.     It  is 
exceedingly  infusible,  unites  with  acids,  forming  salts  of  a  green 
colour,  and  is  readily  oxidized  by  nitric  acid. 

The  protoxide  is  employed  in  the  arts  for  giving  a  black  colour  U*^- 
to  porcelain. 

1132.  Sesquioxide  of  Uranium,  2U+30/U,  or  U'0».  434  2eq.g«qniox- 
nraii.  -^U  3  eq.  oxy.  =  458  equiv.,  is  of  a  yellow  colour,  and    ^' 
most  of  its  salts  nave  the  same,     it  combines  with  acids,  and  with 
alkaline  bases.     From  the  former  it  is  precipitated  as  a  yellow  hy- 
drate by  the  pure  alkalies. 

Cerium. 

Symb.  Ce    Eq.  46 

1133.  This  metal  was  obtained  by  Hisinger  and   Berzelius,  from  Cerium; 
a  mineral  found  at  Bastnas  in  Sweden,  to  which  they  have  given  the  ^^^' 
same  of  CeriteA    It  is  also  contained  in  AUanite,  a  mineral  from 
Greenland,  first  distinguished  as  n  peculiar  species  by  Allan,  of 
Edinburgh     it  contains,  according  to  Thomson's  analysis,  about  40 

fer  cent,  of  oxide  of  cerium. 

This  oxide  is  extremely  difficult  of  reduction.  Children  succeeded 
ia  fusing  it  by  the  aid  of  his  powerful  Voltaic  apparatus,  and  when 
intensely  heated  it  burned  with  a  vivid  fiame,  and  was  partly  vol- 
atilised. 

1134.  The  attempts  of  Vauquelin  to  reduce  the  oxide  of  cerium  ysaqa«- 
produced  only  a  small  meuillic  globule,  not  larger  than  a  pin's  JJ^'q^*^' 
Mad.     This  globule  was  not  acted  upon  by  any  of  the  simple  acids ; 

hut  it  was  dissolved,  though  slowly,  by  nitro-hydrochloric  acid. 

1135.  Protoxide  of  Cerium,  Qe-^-O,  Ce,  or  CeO,  46  1  eq.  cerium,  proioxide. 


,    8  1  eq.  oxy.  ^  54  equiv.     This  oxide  is  a  white  powder»  inso- 
laUe  in  water,  forming  salts  with  acids,  all   of  which,   if  soluble, 


*  Named  nAer  the  new  planet,  discovered  in  that  year  and  called  Uraaas. 

t  Bocbholi,  in  Mem,  Acad.  Sci.  of  Siockholm,  1S22. 

S  Tha  name  Cerium  wai  given  to  this  metal  from  the  pUnat  Ceret,  diacovered 


tha  sAma  period.    Sea  Nicbolion's  Jour,  zii.  105. 
37 
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Ch*P'  >▼' '  have  an  acid  reaction.  Heated  in  open  vessels,  it  absorbs  oxygen, 
and  is  converted  into  the  sesquioxide.  It  is  precipitated  as  a  while 
hydrate  by  pure  alkalies ;  as  a  white  carbonate  by  alkaline  caibo- 
nates,  but  is  redissolved  by  the  precipitant  in  excess  ;  and  as  a  white 
oxalate  by  oxalate  of  ammonia. 

SsMioioz-        1136.  Sesquioxide  of  CeHum,  2Ce+30,  Ce,  or  Ce'O',  92  Se^^ 

^'  cerium^  -|*  ^  3  eq.  oxy.  =  116  equiv.,  has  a  fawn  red  coloar;  itii 

dissolved  by  several  of  the  acids,  bat  is  a  weaker  base  than  the  jn^ 
toxide.  Digested  in  hydrochloric  acid,  chlorine  is  disengaged  lal 
a  protochloride  results.  It  is  most  reaidily  extracted  from  cerils  by 
a  process  of  Laugier.* 

Bismuth, 

Symb.  Bi    Eq.  71 

Nttivt.  1137.  This  metal  is  found  native;  combined  with  oxygen;  sal 

with  arsenic  and  sulphur.  Native  Bismuth  occurs  crystalliaed  ii 
octohedra  and  cubes,  and  in  addition  to  arsenic  generally  cootuH 
cobalt. 
Propertiei.  1138.  Bismuth  has  a  reddish  white  colour,  and  is  composed  d 
broad  brilliant  plates  adhering  to  each  other.  Its  sp.  gr.  is  9JBBr 
but  is  increased  by  hammering.  It  breaks,  however*  under  lb 
hammer,  and  hence  cannot  be  considered  as  malleable;  nor  etail 
be  drawn  out  into  wire.  The  bismuth  of  commerce  is  not  (pik 
pure. 

1139.  Bismuth  is  one  of  the  most  fusible  metals,  melting  at  tff 
F.,  and  it  forms  more  readily  than  most  other  metals,  distinct  crys- 
tals by  slow  cooling. 
Pfooe„  for      It  may  be  obtained  in  regular  crystals,  by  fusing  a  quantity  of  il 
obuiniog    in  a  crucible,  and  allowing  it  to  cool  till  a  crust  is  formed  oa  the 
^'^^**'     surface  ;  the  extremity  of  the  crucible  may  then  be  broken  off,  nai 
the  fluid  metal  beneath  be  allowed  to  escape.     The  under  soriMi 
of  the  crust  will  be  found  beautifully  crystallized. 
Oxide.  1140.  When  bismuth  is  exposed  to  beat  and  air  it  oxidii»   t 

the  heat  be  increased  by  directing  a  current  of  oxygen  upon  the 
metal,  it  burns  with  much  brilliancy,  and  produces  abundant  yrib* 
fumes  of  protoxide.  It  is  readily  oxidized  and  dissolved  by  ain 
acid. 


p^^^^^^^^        1141.  Protoxide  of  Bismuth,  Bi+0,  Bi,  or  BiO,  71  1  eq. 

4*  8  1  eq.  oxy.  =  79  equiv.  This  compound  is  readily  preaBti 
by  heating  to  redness  the  nitrate  or  subnitrate  of  protoxide  ol  hir 
muth.  Its  colour  is  yellow;  at  a  full  red  heat  it  ia  fased iiHi 
brown  liquid,  which  on  cooling  becomes  a  yellow  transpareot  00 
of  sp.  gr.  8.211.  At  intense  temperatures  it  is  sublimed.  It  «■■> 
with  acids,  and  most  of  its  salts  are  white. 

1142.  When  nitrate  of  protoxide  of  bismuth,  either  in  soloHi 
or  in  crystals,  is  put  into  water,  a  copious  precipitate,  the  suboitiiki 
of  a  beautifully  white  colour,  subsides,  which  was  formerly  cdW 


*  For  which  tee  Turner't  Chan,  SSS. 
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nagigtery  ofHsfnuth  and  pearl  wkUe.    From  its  whiteness  it  is   gjct-Ti. 
^times  employed  as  a  paint  for  improvine  the  complexion.* 
the  nitrate  with  which  it  is  made  contams  no  excess  of  acid,  whit«  ox- 
a  large  quantity  of  water  is  employed,  nearly  the  whole  of  the  '^^' 
uth  is  separated  as  a  subnitrate,  TvUte  oxide  of  the  Pharmacth 
•    By  this  character  bismuth  may  be  both  distinguished  and 
rated  from  other  metals. 

4&     Sesguiaxide  of  Bismmth,  2Bi+30,  Bi,  or  Bi'0\  142  3  Semiaiox- 

nsm.  -{-24  3  eq.  oxy.  ^  166  equiv.  This  oxide  is  generated 
n  hydrate  of  potassa  is  fused  at  a  moderate  heat  with  protoxide 
smath ;  but  the  best  mode  of  preparation  is  first  to  prepare  the 
ixide  by  igniting  the  subnitrate,  and  then  gently  heating  it  for 
)  time  in  a  solution  of  chloride  of  potassa  or  soda.  Adet  wash- 
Nrith  water,  any  unchanged  protoxide  is  dissolved  by  a  solution 
s  with  1  part  of  nitric  acid  (quite  free  from  nitrous  acid)  and  9 
rater. 

144.  As  thus  prepared,  sesquioxide  of  bismuth  is  a  heavy  powder  PropwtiM. 
brown  colour,  with  little  disposition  to  unite  either  with  acids 
kalies.    Heated  with  sulphuric  or  phosphoric  acid,  it  gives  off 
;en  gas,  and  with  hydrochloric  acid,  chlorine  is  evolved,  and  the 
)chloride  produced.! 

i4&  Chloride  of  Bismuth,  Bi+Cl,  or  BiCl,  71  1  eq.  bism.-f- Chktidt. 
2  1  eq.  chlor.  =  106.42  equiv.  When  bismuth  in  fine  powder 
troduced  into  chlorine  gas,  it  takes  fire,  burns  with  a  pale  blue 
9  and  is  converted  into  a  chloride,  formerly  termed  butter  of  hiB* 
i.  It  may  be  prepared  conveniently  by  heating  two  parts  of 
mre  sublimate  with  one  of  bismuth,  and  afterwards  expelling 
excess  of  the  former,  together  with  the  metallic  mercury  by 
• 

146.  Chloride  of  bismuth  is  of  a  grayish-white  colour,  opaque,  PropertiM. 
of  a  granular  texture.     It  fuses  at  a  temperature  a  little  atwve 

at  which  the  metal  itself  is  liquefied,  and  bears  a  red  heat  in 
I  Teasels  without  subliming. 

147.  Bismuth  also  combines  with  bromine,  and  with  sulphur, 
lalphuret  is  found  native. 

Titamum.t 

Symb.Ti    Eq.  2A,Z 

.48.  Titaniom,  in  the  metallic  state,  was  discovered  by  Wollas- 
n  1822,  in  the  slag  at  the  bottom  of  an  iron  smelting-furnace  in 
!li  Wa1es.§  It  has  been  since  found  in  several  other  places  in 
spe.  It  has  the  form  of  small  smooth  cubes,  having  a  red  col- 
exceedingly  similar  to  that  of  copper.  The  cubes  are  hard 
igh  to  scratch  rock  crystal,  and  cannot  be  fused  hy  the  highest 
wrature  which  can  be  raised  by  the  blow-pipe.    The  sp.  gr.  is 

r  m  tmall  portion  of  hydrochloric  acid  be  mixed  with  the  nitric,  and  the  preci- 
be  wnshed  with  hut  a  small  quantity  of  cold  water,  it  will  appear  in  minntc 
I,  coaatitudnjf  th9  peari-pawder  of  peHamera  {  bat  it  is  an  inconTenicot  pigment, 
f  to  Um  fiKihty  with  which  it  is  blackened  by  hydrotalpharic  acid. 

\n.deCh.eide  Fh.  li.  S67. 

byKkprothaftertharaancoruicieDtfkhlt.       i  FKtot.  TVme.  1S8S. 
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iciup.  IV,  5.3.^  It  does  not  appear,  however,  to  be  abtolutely  free  from  ina* 
Wollaston  found  that  when  suspended  by  a  fine  tliTead  a  magafll 
drew  it  about  20  degrees  from  the  perpendicular.  He  aacceeded  in 
detecting  the  presence  of  iron  in  it,  and  calculated  the  amoamsf 
that  metal  at  7^  part  of  the  weight  of  the  titaniucQ.t 

Prepared.  1 149.  MetaUU  TUanium  may  be  obtained  by  putting  fragmHll 
of  recently  made  chloride  of  titanium  and  ammonia  into  a  glaat  tab 
half  an  inch  wide  and  two  or  three  feet  long,  transmitting  throa|^ 
it  a  current  of  perfectly  dry  ammonia,  and,  when  atmospheiic  sir 
is  entirely  displaced,  applying  heat  until  the  glass  aoAeoa.  Ca» 
plete  decomposition  ensues,  nitrogen  gas  is  disengaged,  hydrocU^ 
rate  of  ammonia  sublimes,  and  metallic  titanium  is  left  in  the  iMt 
of  a  deep  blue-coloured  powder.  If  exposed  to  the  air  while  wuuk 
is  apt  to  take  fire. 

O^d^.  1150.  Oxide  of  TitamuTTu  (probably)  Ti+0.  or  TiO,243  Isf. 

titan.  ^8  1  eq.  oxy.  =  32.3  equir.,  is  prepared  by  exposing  titsaie 
acid  to  a  strong  heat  in  a  black  lead  crucible  ;  the  exterior  of  the 
mass  obtained  consists  of  metallic  titanium,  the  interior  is  sappon' 

Prepared,  jq  be  the  oxide.  It  may  be  formed  in  the  moist  way  by  acting  turn 
a  solution  of  titanic  acid  in  hydrochloric  acid  by  zinc  or  iron.  Thi 
titanic  acid  is  thrown  down  as  a  purple  powder,  but  cannot  be  cd* 
lected. 

1 151.  Titanic  Acid,  or  Peroxide  of  Titanium,  Ti+20,  Ti,  or  TiOF, 
24.3  1  eq.  titan.  -}*  16  2  eq.  oxy.  =  40.3  equir.,  occurs  nearlrfM 
in  the  minerals  anatase  and  rutile;  it  exists  also  in  seTeralolkr 
minerals. 

Proceti.  '^  "^y  ^  obtained  firom  rutile,  or  titaniferout  iron  expoaed  in  a  poiw|ih 

tube  to  a  very  strong  red  heat  and  a  current  of  hvdroaulpburic  acid  gas,  wluthp** 
riae  to  water  and  lulpburet  of  iron.  When  the  water  ceaaea  to  appear,  the  ■>■ 
ifl  removed  and  disested  in  hydrochloric  acid  to  remove  the  iron,  and  tba  tilHS 
acid  is  separated  from  adhering  suJphur  by  heatt 

Properties.       1152.  Titanic  acid  is  quite  white,  exceedingly  infusible  anddift 
cult  of  reduction  ;  after  being  once  ignited  it  ceases  to  be  solubkii 
acids,  except  in  the  hydrofluoric.     In  its  chemical  relations  it  is  b» 
logons  to  silicic  acid,  being  a  feeble  acid,  but  combining  with  neld* 
lie  oxides.     In  the  state  of  hydrate,  it  has  a  singular  tendency  n 
pass  through  the  pores  of  a  filter  when  washed  with  pure  water  ;ta 
the  presence  of  a  little  acid,  alkali,  or  a  salt,  prevents  this  incoair 
nience. 
SolubUity        1153.  If  previously  ignited  with  carbonate  of  potassa,  titanic  adl 
9lc.        '  is  soluble  in  dilute  hydrochloric  acid  ;  but  it  is  retained  in  sobM 
by  so  feeble  an  attraction,  that  it  is  precipitated  merely  by  boilim>  k 
is  likewise  thrown  down  by  the  pure  and  carbonated  alkalieiykiik 
fixed  and  volatile.    A  solution  of  gall-nuts  causes  an  orange-ndc^ 
lour,  which  is  very  characteristic  of  titanic  acid.     When  an" 
zinc  is  suspended  in  the  solution,  a  purple-coloured  powder,  probity 
the  oxide,  is  precipitated,  which  is  gradually  converted  into  tittiK 
acid. 


TituUe 
add. 


*  From  the  extreme  infusiliiUty  of  the  cubes  of  metaliie  titaninin,  W 
that  they  hare  not  been  formed  by  cryatallization  in  cooKng  finm  a 
but  from  the  reduction  of  the  oxicie  dissolved  in  the  alag  arooml 

t  Pha,  Trmu,  p.  200.    Thomson's  FSr$i  Prirndp.  2.  SO. 

t  Roae,  iin.  <U  Ch,  ei  de  Ph,  zxiii.  and  zzxTiii.  131. 
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1154.  Bichloride  of  TUanium.  Ti+2C1,  or  TiCl',  24.3  1  eg.  Em.VL 
in.  4*  70.S4  2  eq.  chlor.  =  95.14  equiv.  This  substance  was  Bichloride, 
icovered  in  the  year  1824  by  transmitting  dry  chlorine  gas  over 

stallic  titanium  at  a  red  heat. 

1155.  At  common  temperatures  it  is  a  transparent  colourless  fluid  Properties, 
considerable  specific  gravity,  boils  violently  at  a  temperature  a 

lie  above  212^,  and  condenses  again  without  change.  Dumas  has 
own  that  the  density  of  its  vapour  may  be  estimated  at  6.615.  In 
en  vessels  it  is  attacked  by  the  moisture  of  the  atmosphere,  and 
ihs  dense  white  fumes  of  a  pungent  odour  similar  to  that  of  chlo- 
le,  bat  not  so  offensive.  On  adding  a  few  drops  of  water  to  a  few 
ops  of  the  liquid,  combination  ensues  with  almost  explosive  vio- 
Ke,  from  the  evolution  of  intense  heat ;  and  if  the  water  is  not  in 
cess  a  solid  hydrate  is  obtained.  On  exposure,  and  on  adding 
Iter,  the  greater  part  is  dissolved. 

Tellurium. 

Symb.  Te       Equit.  64.2 

1156.  Tellurium  is  a  rare  metal,  found  in  the  gold  mines  of  Tran-  Discovery. 
Ivania,  and  in  Connecticut,  U.  S.,*  in  small  quantity.  Its  existence 

IS  inferred  by  Mijller  in  the  year  1782,  and  fully  established  in 
98  by  Klaproth,  who  gave  it  the  name  of  tellurium,  from  iellus, 
t  tmrthj  suggested  by  the  source  from  which  he  drew  the  name  of 
mnium.t  It  occurs  in  the  metallic  state,  chiefly  in  combination 
ilh  gold  and  silver. 

1157.  Tellurium  is  of  a  bright  gray  colour,  brittle,  easily  fusible,  Properties. 
td  Tery  volatile.     Its  specific  gravity  is  6.17. 

llfiS.  It  is  oxidized  when  heated  in  contact  with  the  air ;  and  Oxide, 
inis  with  a  sky-blue  flame,  edged  with  green.  Upon  charcoal, 
ifore  the  blow-pipe,  it  inflames  with  a  violence  resembling  detona- 
Ml ;  exhibits  a  vivid  flame ;  and  entirely  flies  off  in  a  gray  smoke, 
iTJng  a  peculiarly  nauseous  smell. t  This  smoke,  when  condensed, 
id  examined  in  quantity,  is  found  to  be  white  with  a  tint  of  yellow. 
is  fusible  by  a  strong  heat,  and  volatile  at  still  higher  temperature.    • 

1159.  TeUurous  Acid.  Te+20,  te,  or  TeO»,  64.2  1  eq.  tellur. 
-  16  2  eq.  oxy.  =  80.2  equiv.  This  compound,  also  called  oxide  o/'Tellarous 
BatrtKiH,  is  generated  by  the  action  of  nitric  acid  on  tellurium,  by  *^' 
hich  acid  it  is  dissolved ;  but  the  solution  possesses  such  little  per- 
anence  that  mere  affusion  of  water  precipitates  part  of  it,  and  the 
•t  is  obtained  by  evaporating  to  dryness.  In  this  state,  it  is  a 
hite  granular  anhydrous  powder,  which  slowly  reddens  moist  lit* 

llWl  Its  aqueous  solution  reddens  litmus  paper ;  it  becomes  tur- 
id  at  69*,  and  the  acid  which  falls  is  no  longer  soluble  in  acids.  Properties. 
I  these  properties  tellurous  acid  closely  resembles  the  titanic 
od  several  other  feeble  acids,  which  have  a  soluble  hydrated 
ate  easily  convertible  into  an  insoluble  anhydrous  one.  Its 
lits  are  precipitated  black  by  hydrosulphuric  acid,  bisulphuret  of 
(Unrium  being  formed.^ 

^Amer,  Jour.  i.  406.  t  ContribiUum$,  iii. 

t  Ascribed  by  BensUiis  to  tbe  pttseDce  of  seleoium. 

%Hydnielhiric  Add,    TH-H,  or  TeH,  UJt  1  eq.  tellttr.  + 1  1  sq.  Iiyd.as  6S.S 
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Chap  IV.  Copper. 

Symb,  CU        Equiv,  81.6 

1161.  This  metal  was  known  in  the  early  a^  of  (be  worUiUi 

was  the  principal  ingredient  in  domestic  utenails,  and  in  the  iom- 

2^^.      ments  of  war,  previous  to  the  discovery  of  malleable  iron.*    hii 

NatiTe'      foiind  native,  and  in  various  states  of  combination.     Native  eofps 

copper.       is  by  no  means  uncommon,  being  found  more  or  leas  in  most  cs|f« 

mines.     It  occurs  in  a  variety  of  forms ;  massive,  dendritic,  giBBS' 

lar,  and  crystallized  in  cubes,  octohedra,  Sec.    It  is  found  io  Caifr 

wall,  Siberia,  and  other  parts  of  £urope.     Large  masses  bavebea 

found  in  various  parts  of  America ;  one  of  which,  about  30  miles  tnm 

Lake  Superior,  aescribed  by  Scboolcrafl,  weighs  bv  eatimatioa  SON 

Ibs.t    The  copper  of  commerce  is  extracted  chiefly  from  the  aalift 

sulphuret ;  especially  from  copper  pyrites,  a  double  sulphuiet  of  ini 

and  copper. 

^5j^^-        1162.  The  metal  may  be  obtained  by  dissolving  the  copper  rf 

^     ^'^'  commerce  in  hydrochloric  acid  ;  the  solution  is  diluted  and  a  platcrf 

iron  immersed,  upon  which  the  copper  is  precipitated.     It  navbe 

fused  into  a  button,  afler  having  been  previously  washed  in  dim 

sulphuric  acid  to  separate  a  little  iron  that  adheres  to  it. 

Propertiet.      1163.  Copper  has  a  fine  red  colour,  and  much  brilliancy;  itii 

very  malleable  and  ductile,  and  has  a  peculiar  smell  when  wanatl 

or  rubbed.     It  melts  at  a  cherry-red  or  dull  white  heat,  IMflTF. 

Its  sp.  gr.  varies,  being  increased  by  hammering ;  when  foted,  iB 

density  is  8.S95.     Under  a  flame  urged  by  oxygen  gas»  it  takei  Sn, 

and  burus  with  a  beautiful  green  light. 

Action  of        1164.  Copper  is  oxidized  by  air.     This  may  be  shown  by  haatac 

^''  one  end  of  a  polished  bar  of  copper,  which  will  exhibit  various  shidH 

of  colour,  according  to  the  intensity  of  the  heat. 

Combas-         ft  burns  with  great  splendour  before  the  compound  blow-Mpii 

^^°^«^  upon  charcoal.  r  irr- 

£xp.  The  white-hot  globule  being  thrown  from  the  charcoal  into  a  id 

jar  or  wide  tube  filled  with  water,  it  will  pass  in  full  ignition,  thnsgk 

'    a  column  of  the  fluid  two  feet  high,  and  will  remain  for  wmi 

time  ignited  on  the  bottom,  which  should  be  protected  by  a  Isjerif 

sand4 

Effect  oT         A  plate  of  copper,  exposed  for  some  time  to  heat,  becomes  eoftfsi 

'^^^  with  protoxide,  which  breaks  off  in  scales  when  the  copper  is  hM* 

merea. 
EqniTileiit.      1165.  From  the  experiments  of  Berzelius,  eight  parts  of  oxy|ii 
unite  with  31.6  parts  of  copper  to  constitute  the  black  oxide,  at 
therefore  if  this  oxide  be  formed  of  an  atom  of  oxygen  united  wA 
an  atom  of  copper  the  eq.  of  this  metal  will  be  31.6.  This  is  adofMl 

e^QiT.    By  acting  on  an  alloy  of  tellDrinm  with  zioc  or  tie.  by  bydrochloricaciia  M 
ditcoTerca  this  gas  in  1809.    It  has  the  properties  oft  feeble  acid. 

TtUune  Acid,  Te+30,  f e,  or  TeC,  64.2  I  cq.  telior.  -|-  94  S  eq.  oxy.  sSSS 
For  other  compoands  of  telluriam  see  Tamer,  868.  See  also  Berzelius  os  "^ 
in  Ann.  de»  Afmet,  w.  881,  and  Amer.  Jour,  zzviii.  137. 


*  The  word  copper  is  derived  from  the  island  of  Cyprus,  wbera  it  «■•  ftm 
by  the  Greeks. 

t  Stroroeyer  has  lately  dlscoTered  it  in  sereral  specimens  of  meteoric  iroa,  hmkt 

quantity  not  ezceeding  tAv  of  the  mass.    See  other  loealhist  fa 
nenkgy,  p.  6M,  and  J.  D.  Dana's  SgtUm.  t  ttUiaui. 
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ny  chemists,  others  regard  it  as  a  binoxide,  and  the  red  as  the    fcct.  vi. 

ide,  and  take  twice  31.6,  or  63.2,  as  the  eq.  of  copper. 

5.  Rtd.or  Dioxide  of  Copper,  2Cu+0,  or  CuH>,  63.2  2  eq.  Red  oxide. 

^  8  1  eq.  oxy.  =  71.2  equiv.,  occurs  native  in  the  form  of 

dral  crystals,  and  is  found  of  peculiar  beauty  in  the  mines  of 

rail,     a  may  be  prepared  arti6cially  by  heating,  in  a  corered 

le,  a  mixture  of  31.6  parts  of  copper  filings  with  39.6  of  the 

oxide ;   or,  still  better,  by  arranging  thin  copper  plates  one 

the  other,  with  interposed  strata  of  the  black  oxide,  and  ex- 

r  them  to  a  red  heat  carefully  protected  from  the  air.    Another  Process. 

d  is  by  boiling  a  solution  of  acetate  of  protoxide  of  copper 

ogar,  when  the  dioxide  subsides  as  a  red  powder ;  and  another 

Fuse  at  a  low  red  heat  the  dichloride  of  copper  with  about  an 

weight  of  carbonate  or  bicarbonate  of  soda,  subsequently  dis- 

g  the  sea-salt  by  water,  and  drying  the  red  powder.* 

his  case,  by  an  interchange  of  elements, 

dichloride  of  copper   2Cu4-Cl  S  1  eq.  red  oxide      .    .    2Cu4-0    fheorr. 

1  eq.  soda  Ns-f-^  '^  snd  1  eq.  chloride  of  sodium  Na-^Cl 

7.  The  red  or  dioxide  of  copper  has  a  density  of  6.093,  and  in  properties. 

'  is  very  similar  to  copper.     At  a  red  heat  it  absorbs  oxygen, 

B  converted  into  the  protoxide.     Dilute  acids  act  on  it  very 

f ;  resolving  it  into  metal  and  a  protoxide. 

i8.  With  strong  nitric  acid  it  is  oxidized,  binoxide  of  nitrogen  Action  of 

*t,  and  a  nitrate  of  the  black  oxide  is  formed.     Strong  hydro-  ^^•' 

c  acid  forms  with  it  a  colourless  solution.     The  red  oxide  of 

r  is  soluble  in  ammonia,  and  the  solution  is  quite  colourless  ; 

becomes  blue  with  surprising  rapidity  by  free  exposure  to  air, 

[  to  the  formation  of  the  black  oxide. 

•  small  quantitjr  of  this  oxide  into  a  small  bottle,  nearly  full  of  water  oT^ 
lii,  and  shake  it  frequently,  the  solution  will  have  a  ricn  blue  colour.    If '^P* 
li^  of  copper  filinss  be  aaded  and  the  bottle  well  closed  so  as  completely 
hiM  the  air,  the  solution  will  become  colourlen  in  a  few  days.    If  the  eork 
hdrawn,  the  blue  colour  will  again  return  as  oxygen  is  absort>ed. 

19.  Black  or  Protoxide,    Cu4-0,  Cu,  or  CuO,  31.6  1  eq.  cop*  Black. 
1  eq.  oxy.   =  39.6  equiv.    This  oxide  of  copper  occurs  na- 
by  the  spontaneous  oxidation  of  other  ores  of  copper  ;  it  is  the 
r  black  of  mineralogy. 

rO.  It  may  be  prepared  artiOcially  by  calcining  metallic  copper.  Artificial. 
Bcipitation  from  the  salts  of  copper  by  means  of  pure  potassa, 
ly  heating  nitrate  of  copper  to  redness. 

n.  It  varies  in  colour  from  a  dark  brown  to  a  bluish-black,  ac*  properties. 
ig  to  the  mode  of  formation,  and  its  density  is  6.401.  It  under- 
DO  change  by  heat  alone,  but  is  readily  reduced  to  the  metallic 
hff  heat  and  combustible  matter.  It  is  insoluble  in  water.  It 
ines  with  nearly  all  the  acids,  and  most  of  its  salts  have  a  green 
116  tint  With  ammonia,  it  forms  a  deep  blue  solution,  by 
1  It  is  distinguished  from  all  other  substances. 

•  lollowinff  process  is  recommended  by  Malaguti ;  100  parts  of  sulphate  of  cop-  MaUf«ii'« 
1 S7  of  carbooaie  of  soda,  both  in  crysuls,  are  fused  with  aptentle  heat  j  and  the  p^**- 
sfkjwhen  all  water  is  expelled,  is  puWerizfd  and  mixed  with  3S  parts  of  copper 

.  Tba  mixtnrt  is  pressed  into  a  crucible  and  exposed  for  twenty  mtoutss  to  a 
heat.  The  rtsalt  is  again  palvtrised  and  wished.  Ann,  d€  Ckitn,  d  ite  Pkyt, 
p. 
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G1MP.IY,       1172.  Its  salts  are  distingaished  from  most  substances  lij  their 

Salurecog- colour,  and  are  easily  recognised  by  reagents.      Pare  ammooii 

nited.        throws  down  the  disulphate  when  carefully  added;  but  an  ezceaof 

the  alkali  instantly  redissolves  the  precipitate,  and  forms  a  deepbhe 

solution.     Alkaline  carbonates  cause  a  bluish-green  precipitate.   It 

is  precipitated  as  a  dark  brown  sulphuret  by  hydroaalphuric  adi 

and  as  a  reddish-brown  ferrocyanuret  by  ferrocyannrel  of  potassimi. 

A  tid  te         H73.  It  is  thrown  down  or  a  yellowish  white  colour  by  albuBMi. 

and  Orfila  has  proved  that  this  compound  is  inert,  so  that  albmui 

is  an  antidote  to  poisoning  by  copper.'**' 

MetaUeim-     ^^^^'  Copper  is  separated  in  the  metallic  state  by  a  rod  of  imor 

rated.        zinc.    The  copper  thus  obtained,  after  being  digested  in  a  dilate  » 

lution  of  hydrochloric  acid,  is  almost  chemically  pure. 
Detected.        1175.  The  best  mode  of  detecting  copper,  when  supposed  tsk 
present  in  mixed  fluids,  is  by  hydrosulphuric  acid.     The  salplnnMi 
after  being  collected,  and  heated  to  redness  in  order  to  char  orgaoie 
matter,  should  be  placed  on  a  piece  of  porcelain,  and  be  digesledii 
a  few  drops  of  nitric  acid.     Sulphate  of  protoxide  of  copper  is  fonMi 
which,  when  evaporated  to  dryness,  strikes  the  characteristic  deff 
blue  tint  ou  the  addition  of  ammonia.t 
Dichloride.      1176.  Dickloride  of  Copper.    2Cu+CI,  or  Cu»Cl,  63.2  3  1^ 
copper  -f-  35.42  1  eq.  chlor.  =  98.62  eauiv.     When  copper  filiB|i 
are  introduced  into  an  atmosphere  of  chlorine  gas,  the  metti  ttbi 
fire  spontaneously,  and  both  the  chlorides  are  generated.     Tht  & 
chloride  may  be  conveniently  prepared  by  heating  copper  filings  vilk 
twice  their  weight  of  corrosive  sublimate.    It  is  slowly  deposited  ii 
crystalline  grains,  when  the  green  solution  of  protochloride  of  cofftf 
is  kept  in  a  corked  bottle  in  contact  with  metallic  copper. 
Properties.       1 177.  The  dichloride  of  copper  is  fusible  at  a  heat  just  below  nt 
ness,  and  bears  a  red  heat  in  close  vessels  without  sublinaing.    h  ii 
insoluble  in  water,  but  dissolves  in  hydrochloric  acid.     Its  coloaris- 
ries  with  the  mode  of  preparation,  being  white,  yellow,  or  dud 
brown,  t 
Sulphareu.      1 179.  Sidphurets  of  Copper.    The  disulphuref,  2Cu+S,  mCA 
63.2  2  eq.  copper  +16.1   1  eq.  sulph.  =  79.3  equiF.,  is  a  natunl 
production,  the  copper  glance  of  mineralogists,  and  in  combintMi 
with  protosulphuret  of  iron,  it  is  a  constituent  of  variegated  coffff 
ore.^ 
Disulphu-       1 179.  It  is  formed  by  heating  copper  tilings  with  a  third  of  tW 
ret  formed,  weight  of  sulphur;  when  the  sulphur  is  raised  a  little  above  its  imI^ 

*  Superoxide  qf  Copper.  Ca-f^O,  Cu,  or  CuO^,  31.6  I  eq.  cop.  + 16  3  sq.  af-^ 
47.6  equiv. 

t  The  action  of  ammoaia  may  l>e  taken  adfanta^  of  in  cleaning  (or  ooloviil^* 
it  it  termed  by  jewellers}  ^Id  trinkets,  such  as  chains,  Sec.  which  aro  oAm  amkd^ 
TtTf  inferior  alloy.  Artisu  make  use  of  weak  nitric  acid,  or  of  the  matcffah  ^^ 
which  the  acid  is  produced,  and  which  often  destroys  the  finer  kinds  of  workHi 
by  ditsoWing  the  copper  of  the  alloy  to  some  depth  on  the  sorface}  the^pU  sail 
acted  upon,  the  trinket  appears  as  if  newly  gilded.  Boiling  in  ammonia  ia  a  "'' 
stitttte  for  this  process,  and  the  operation  may  be  performed  by  any  penon 
the  assistance  of  the  artist,    brewster's  Jour.  1.  76 ;  Bo€t.  Jour.  ii.  sot. 

t  ProtodUoride  of  Copper.    Co+Ci,  31.6  I  eq.  copper  +  3S.48  I  aq. 
67.02  eqniT. 

t  For  an  outline  of  the  process  of  reducing  the  ores  of  co|iper,  sen  Biurfsb  i.  0i 
and  Vifian,ia  Ann.  Phiwo.  N.  S.  t.  113. 
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t»  combustion  suddenly  pervades  the  whole  mtss.    The  ex-   '^•ct.viv 

t  succeeds  equally  welltn  vacuo  or  in  azote,  u.  aro.  Copper 
IS  in  gaseous  sulphur  as  brilliantly  as  iron  wire  in  oxygen 

Many  of  the  allays  of  copper  are  important.     With  gold  it  ^^uoys, 
fine  yellow  ductile  compound,  used  for  coin  and  ornamental 
With  silver  it  forms  a  white  compound,  used  for  plate  and 
«ead  and  copper  require  a  high  red  heat  for  union  ;  the  alloy 
md  brittle. 

\  alloys  of  copper  with  the  metals  already  described  the  most 
It  are  brass  and  bell-metal.  It  forms  white  compounds  with 
n  and  sodium ;  a  reddish  alloy  with  manganese ;  and  a 
I  with  iron. 

Brass  is  an  alloy  of  copper  and  zinc.     The  metals  are  usu*  B'**'* 
ed  by  mixing  granulated  copper  with  calamine  (1004)  and 

:  the  mixture  is  exposed  to  heat  sufficient  to  reduce  the 
e  and  melt  the  alloy,  which  is  then  cast  into  plates.  The 
proportions  of  the  two  metals  vary  in  the  different  kinds  of 
be  best  brass  consists  of  four  parts  copper  to  one  of  zinc. 
3v  is  malleable  and  ductile  when  cold  ;  and  its  colour  and 
)ility  to  rust,  recommend  it  in  preference  to  copper  for  many 
I  of  the  arts.t 

Tutenag  is  said  to  be  an  alloy  of  copper,  zinc,  and  a  little  Totenaf, 
3d  TombaCt  Dutch  goldt  Similar,  Prince  Rupert's  metal  and  pinchbeck, 
dl,  are  alloys,  containing  more  copper  than  exists  in  brass,     ' 
lequently  made  by  fusing  various  proportions  of  copper  with 
According  to  Wiegleb,  Manheim  gala  consists  of  three  parts 
r  and  one  of  zinc.     A  little  tin  is  sometimes  added«  which, 

it  may  improve  the  colour,  impairs  the  malleability  of  the 

Bdl-metal  and  bronze  are  alloys  of  copper  and  tin  ;  they  BeU-mctol 
ler  and  more  fusible,  but  less  malleable  than  copper.  The 
•metal  is  composed  of  three  parts  copper  and  one  of  tin ;  the 
|[ong,  celebrated  for  the  richness  of  its  tones,  contains  copper 
in  this  proportion.  A  little  zinc  is  added  to  small  shrill  bells, 
consists  of  from  8  to  12  of  tin  with  100  of  copper. 

Dalton  finds  that  into  all  the  alloys  of  copper  which  are  Alloys 
•rized  by  useful  properties,  the  ingredients  enter  in  atomic  definite 
ons ;  and  it  is  probable  that  by  attentioti  to  these  proportions,  ^'"F""*"- 
lufacture  of  the  artificial  alloys  may  be  greatly  improved. 

lim,  Ann  de  Chim.  See  also  Vanqaelin  on  Su^tareU  qf  Copper,  Ixxx.  256. 

Wrf  and  saver, 

diog  to  Sage,  a  very  heaatiful  brass  rosy  be  made  by  mixiiig  60  grains  of  ox- 
iper«  100  of  calamine,  400  of  black  flux,  and  80  of  charcoal  powder;  melt 
cracible  till  the  blue  flame  is  do  longer  seen  roand  the  coTer;  and,  when 
tUm  of  brass  is  found  at  the  bottom,  of  a  golden  ooloor,  and  weighing  one 
•  than  the  pare  copper  obtained  from  the  aboTe  quantity  of  oxide. 

oy,  which,  from  the  resemblance  it  has  in  colour  to  gold,  is  called  Moeaie 
Men  lateW  prepared  from  equal  parts  of  copper  and  xinc  malted  at  the  lowest 
tre  at  which  copper  will  fuse. 

im  wieUU  is  an  alloy  of  copper  and  tin,  with  a  little  arsenic ;  aboot  6  copper, 
tanic.  On  this  sohjact  the  reader  is  nhmd  to  Bdwards*s  tzptrinaats, 
1^  Jmr.  4to.  tii. 
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Chap.  IV.  1185.  Vessels  of  copper  used  for  culinary  purposes  are  osuaUf 
coated  with  tin,  to  prevent  the  food  being  contaminated  with  coppn. 
Their  interior  surface  is  first  cleaned,  then  rubbed  over  with  a^ 
ammoniac  to  prevent  oxidation  ;  the  vessel  is  heated,  a  little  piick 
or  rosin  spread  over  the  surface,  and  a  bit  of  tio  rubbed  ofcr  it, 
which  instantly  unites  with  and  covers  the  copper.* 

Lead. 

Symb.  Pb       Equiv.  103.6 

Ont.  1 186.  Lead  appears  to  have  been  known  in  the  earliest  ages  of  As 

world.  The  natural  compounds  of  this  roeuil  are  very  numerosi. 
The  most  important  is  the  sulphuret,  or  gaUna,  from  which  thepsit 
metal  is  chiefly  procured.  Lead  is  also  found  combined  with  vari- 
ous acids,  with  oxygen,  chlorine,  &c. 
'^^^'h^  1187.  To  obtain  lead  perfectly  pure,  Berzelius  dissolved  it  ta ai* 
^'"^  '  trie  acid,  and  crystallized  the  salt  several  times,  till  the  mother  liom, 
on  adding  carbonate  of  ammonia,  gave  no  traces  of  copper.    Tki 

Sure  nitrate  of  lead,  mixed  with  charcoal,  was  strongly  heated  la  t 
[essian  crucible ;  and  the  lead,  which  separated,  was  kept  for  som 
time  in  fusion,  in  order  to  free  it  entirely  from  charcoal.  The  leal, 
thus  obtained,  when  re-dissolved  in  nitric  acid,  gave  no  trace  of  say 
other  metal. 

PropMtiM.  118S.  Its  colour  is  bluish-white;  it  is  sofl,  flexible,  mallesUt 
and  ductile.  It  melts  at  about  612^  and  by  slow  cooling  may  be  o^ 
tained  in  octohedral  crystals.  Its  sp.  gr,  is  11.3^.  At  high  lenpe- 
ratures  it  absorbs  oxygen,  and  when  in  fusion  a  gray  film  is  forM 
on  its  surface,  which  is  a  mixture  of  metallic  lead  and  protoxide; 
by  increasing  the  heat  it  is  dissipated  in  fumes  of  the  protoxide. 

Acticmof  1189.  Lead  undergoes  no  change  in  distilled  water  in  cloM 
'  sels,  but  in  open  vessels  is  oxidized  ;  the  oxide  combines  also 
carbonic  acid  present  in  the  air.  The  presence  of  saline  matter  is 
the  water  retards  the  oxidation,  and  some  salts,  even  in  minute qes» 
tity,  prevent  it  altogether.  Many  kinds  of  spring  water,  owiogte 
the  salts  which  they  contain,  do  not  corrode  lead.t 

Of  acids.  I  ^^*  Lead  is  not  attacked  by  hydrochloric,  or  the  vegetable  wdkt 
though  their  presence  oden  accelerates  the  absorption  of  oxygn* 
The  only  proper  solvent  for  lead  is  nitric  acid  ;  it  oxidises  it  ni 
forms  a  salt  of  the  protoxide. 

Pwtoiide.  1 191.  Protoxide  of  Lead.  Pb+0,  Pb,  or  PbO,  103.6  1  eq.  kad  + 
8  1  eq.  oxy.  =  111.6  equiv.,  is  prepared  on  a  large  scale  by  coibeh 
ing  the  gray  film  which  forms  on  the  surface  of  melted  lead,  asi 
exposing  it  to  heat  and  air  until  it  acquires  a  uniform  yellow  oolsar. 
In  this  state  it  is  the  masHcot  of  commerce ;  and  when  partially  tad 

*  The  oxidstkm  of  copper  plates  is  a  matter  of  Tsry  ^reat  impoitwice  im  the  tfSk 
and  io  the  case  of  great  and  ezpensiTe  works  where  few  impresaiooa  of  as  aiiNMf 
are  taken  and  the  platen  laid  aside  for  a  considerable  length  of  timn.  •  siiiosB  faj^ 
10  the  plates  is  sustained  by  the  necessity  of  cleaning  them  from  oxide,  wbea  tkif  ■* 
to  be  aigaio  used.  This  may  be  prevented  by  Tamuhiog  the  platen  with  eqsianki 
▼amish,  which  can  easily  he  remoTed,  when  requisite,  by  spirits  of  wina. 
Jour,  i.  76 }  Bo»t.  Jour.  iL  206. 

For  metbod  of  analysis  of  these  alloys,  see  Brande,  xi.  74 ;  tad  for  athar 
Thomson's  Syttem—Inorganie  Bodiet,  i.  601 }  Dumas'  TraiU  de  Ckim»  a.  Mb 

1 8aa  this  satjact  diacaiaad  in  Christiaoo*B  TVaafites  an  Pbiaont. 
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Rsi  Otid$  of  Lead.  ^ 

1  Utkarge  10  applied  to  it     As  thus  procured  it  is  al«   ••«>  Ti. 

ixed  with  red  oxide.    It  may  be  obtained  pure  by  adding 

I  to  a  cold  solution  of  nitrate  of  protoxide  ol  lead  until  it  it 

Ikaline,  washing  the  precipitated  subnitrate  with  cold  water, 

?n  dry,  heating  it  to  redness  for  an  hour  in  a  platinum  cru- 

Vn  open  fire  should  be  used,  and  great  care  taken  to  present 

ibie  matter  in  any  form  from  contact  with  the  oxide. 

Protoxide  of  lead  is  red  while  hot,  but  has  a  rich  lemon-  Proptrtiti. 
olour  when  cold,  is  insoluble  in  water,  fuses  at  a  bright  red 
id  is  fixed  and  unchangeable  in  the  fire.     Its  sp.  gr.  is 

The  fused  protoxide  has  a  highly  foliated  texture,  and  is 
gh,  so  as  to  be  pulverized  with  difiicuhy.  By  transmitted 
is  yellow ;  but  by  reflected  light  it  appears  ffreen  in  some 
d  yellow  in  others.  Heated  with  combustible  matters,  the 
e  parts  with  oxygen  and  is  reduced.  It  unites  with  acids, 
le  hose  of  all  the  salts  of  lead,  most  of  which  are  of  a  white 

Protoxide  of  lead  is  precipitated  from  its  solutions  by  pure 
as  a  white  hydrate,  which  is  redissoWed  by  potassa  in  ex- 
(  a  white  carbonate,  which  is  the  well  known  pigment  whitt  WbitaltaiL 
alkaline  carbonates ;  as  a  white  sulphate  by  soluble  aul- 
as a  dark  brown  sulphuret  by  hydrosulphuric  acid  ;  and  as 
odide  of  lead  by  hydriodic  acid  or  iodide  of  potassium.* 
)est  method  of  detecting  the  presence  of  lead  in  wine  or  other  ,^^^  ^ 
d  mixed  fluids  is  by  means  of  hydrosulphuric  acid.t    (Fig.  Letd. 

Protoxide  of  lead  unites  readily  with  earthy  substances, 
with  them  a  transparent*  colourless  glass,  and  is  much  ©"^•^°*u'*?£?* 
or  glazing  earthenware  and  porcelain.     It  enters  in  large  bodi«L     ^ 
'  into  the  composition  of  flint  glass,)  which  it  renders  more 
transparent,  and  uniform. 

Lead  is  separated  from  its  salts  in  the  metallic  state  by  iron  Septratad. 

The  best  way  of  demonstrating  this  fact  is  by  dissolving  in 
r  or  bottle  1  part  of  acetate  of  protoxide  of  lead  in  24  of  water, 
pendinif  a  piece  of  zinc  in  the  solution  by  means  of  a  thread, 
d  is  deposited  upon  the  zinc  in  a  peculiar  arborescent  form, 
ise  to  the  appearance  called  arbor  Satumi,^ 

Red  Oxide  of  Lead.    3Pb-H0,  or  2PbO+PbO«,  310.8  3  Red  ozidt, 
+  32  4  e(j.  oxy.,  or  223.2  2  eq.  prolox.  +  119.6  1  eq.  perox.  ^  minima. 
9  equiv.     This  compound,  the  minium  of  commerce,  is  em- 
is  a  pigment,  and  in  the  manufacture  of  flint  glass. 

rcKtfd  to  the  poisonout  property  of  tht  ttlu  of  Ind,  th«  cftrboiMte  is  by  f*r 
finiif  nt  poison.    Aoy  Mil  of  lead  which  is  cttiiT  cooTertible  into  the  csrho-  P«teM«M. 
ir  instance  the  sahacetate,  it  alto  poitonoas.    Acetate  of  protoxide  of  lead, 
ill  vinegar  to  preveot  the  fomiatioii  of  any  carbonate,  may  be  freely  and  safely 
*  in  medical  practice.    (Dr  A.  T.  Thomson.) 


•Iphoret  of  lead,  afler  bein^  collected  on  a  filter  and  washed,  it  to  be  dicest- 
ie  acid  diluted  with  twice  its  weight  of  water,  ootil  the  dark  colour  of  the 
disappears.  The  tolutioo  of  the  nitrate  thould  then  be  brought  to  perfect 
a  a  watch-glas«,  in  order  to  expel  the  excess  of  nitrie  acid,  ami  the  residne 
dfed  in  a  6mall  ouantity  of  cola  water.  On  droppiaff  a  particle  of  iodide  of 
1  into  a  portion  or  this  liquid,  yellow  iodide  of  lead  wul  insuntly  •pp'ar. 

i  flint  class  retorts  are  less  suitable  for  some  chamical  procsiiai  thaa  thoitof 
Bs  withoai  lead  i  the  latter  are  alto  lets  Ihaibie.    W. 

tUe  ^f  Uad.     iPb-K),  or  WK},  WTM  t  eq.  lead  4-  a  I  aq.  eiy.  ■■  tif  .t 
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Okapt  IV.       It  is  fbnned  by  oxidizing  lead  by  heat  and  air  without  alhiwinjpit  to ffan, 
then  expotinff  it  in  open  veaselt  to  a  temperature  of  600°  or  TOtF.  while  a 

rent  of  air  pieya  upon  ita  aurftce.    It  alowly  abiorba  oxygen  ana  is 

into  minium. 

This  oxide  does  not  unite  with  acids.  When  heated  to  Tednea 
it  gives  ofT  pure  oxygen  gas,  and  is  reconverted  into  the  protoxide. 
When  digested  in  nitric  acid  it  is  resolved  into  protoxide  and  perox- 
ide of  lead,  the  former  of  which  unites  with  the  acid,  while  the  htttf 
remains  as  an  insoluble  powder.  From  the  facility  with  which  thii 
change  is  effected  even  hy  acetic  acid,  most  chemists  consider  red  kid 
not  so  much  as  a  definite  compound  of  lead  and  oxygen,  but  as  anh 
composed  of  the  protoxide  and  peroxide.^ 

Peroxide.  1197.  Peroxide  of  Lead.  Pb+20,  Pb,  or  PbO»,  103.6  1  eq.  ktd 
-|-  16  2  eq.  oxy.  =  119.6  equiv.  This  oxide  may  be  obtained  by 
the  action  of  nitric  acid  on  minium,  as  just  mentioned ;  by  fusiB| 
protoxide  of  lead  with  chlorate  of  potassa,  at  a  temperature  thoit  i 
redness,  and  removing  the  chloride  of  potassium  by  solution  in  watsr; 
and  by  transmitting  a  current  of  chlorine  gas  through  a  solutioadf 
acetate  of  the  protoxide  of  lead.  The  chloride  formed  is  remoiid 
by  washing  with  warm  water. 

Pi'^op*'^^*  ]  198.  Peroxide  of  lead  is  of  a  puce  colour,  is  insoluble  in  walc% 
and  is  resolved  by  strong  ox-acids,  such  as  the  sulphuric  and  nitiici 
into  a  salt  of  the  protoxide  and  oxygen  gas.  With  hydrochloric  add 
it  yields  chlorine  gas  and  chloride  of  lead.  At  a  red  heat  it  amis 
oxygen  gas  and  is  converted  into  the  protoxide. 

Chloride.  1199.  Chloride  of  Lead.  Pb+Cl,  or  PbCl,  103.6  1  eq.  lead  + 
35.42  1  eq.  chlor.  =  139.02  equiv.  This  compound,  sometiaa 
called  horn  lead,  is  slowly  formed  .by  the  action  of  chlorine  gaisa 
thin  plates  of  lead,  and  may  be  obtamed  more  easily  by  adding  hf' 
drochloric  acid  or  a  solution  of  sea-salt  to  acetate  or  nitrate  of  oiiai 
of  lend  dissolved  in  water.  This  chloride  dissolves  to  a  consideiakk 
extent  in  hot  water,  especially  when  acidulated  with  h3'drochlofie 
acid,  and  separates  on  cooling  in  small  acicular  anhydrous  cryilali 
of  a  white  colour.  It  fuses  at  a  temperature  below  redneas,  od 
forms  as  it  cuols  a  semi-transparent  mass,  which  haa  a  densitj  J 
6.133.t 

AUofs.  1200.  Alloys  of  Lead,    The  most  important  are  those  with  tiii 

Common  pewter  consists  of  about  80  parts  of  tin  and  20  of  kai 

Solden.  FiTie  solder  consists  of  2  parts  of  tin  and  1  of  lead  ;  it  fusea  at  aboit 
360^,  and  is  much  employed  in  tinning  copper.  Coarse  loUrrco^ 
tains  one  fourth  of  tin,  fuses  at  about  50(f,  and  is  used  by  plambsa 
Pot  metal  is  an  alloy  of  lead  and  copper. 

1201.  If  lead  be  heated  so  as  to  boil  and  smoke,  it  aoon  diaMbu 
pieces  of  copper  thrown  into  it ;  the  mixture,  when  cold,  ia  biftlk 
The  union  of  the  two  metals  is  remarkably  slight ;  for,  upon  cif^ 
ing  the  mass  to  a  heat  no  greater  than  that  in  which  lead  melts.  Al 
lead  almost  entirely  runs  off  by  itself.     This  process  ia  called  dip^ 

EliqoatioD.  tion.    The  coarser  sorts  of  lead,  which  owe  their  britdeneaa  andga^ 


*Thit  waa  long  considered  at  a  aesqaioxide,  an  error  correctad  by 
Sy»tem<if  Chem,ii,4l,    T. 

t  For  other  compoiuida  see  Tomer'a  EtemenU,  376. 
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nhted  texture  to  an  admixtare  of  copper,  throw  it  up  to  the  eur-  «>«*-  ▼P- 
ice  on  being  melted  by  a  moderate  heat* 


BcnoN  VII.— Jlfefo^,  the  oxides  of  which  are  reduced  to  the  metal' 

lie  state  by  a  red  heat, 

180S.  Mercury  or  Quicksilver ^  Hg.  202  eq.,t  is  the  only  one  of  Mereary. 
m  metals  that  retains  a  fiuid  form  at  the  ordinary  temperature  of 
m  atmofiphere. 

The  principil  ore  of  this  metal  is  the  sniphuret,  or  native  cinna*  Ore. 
IT,  firom  which  the  mercury  is  separated  by  distillation  with  quick* 
BM  or  iron  filings. 

U03.  Mercury  is  a  brilliant  white  metal,  having  much  of  the  Boiliof 
iloor  of  silver,  whence  the  terms  hydrargyrum^  argentum  vivum^  ^'°^' 
id  guicksilter.     It  has  been  known  from  very  remote  ages.     Ac- 
ifdiog  to  Crichton  it  boils  and  becomes  vapour  at  656°  F.,  660° 
leording  to  Petit  and  Dulong,  670°  Brande,  and  662°  T. 
It  also  rises  in  vapour  in  small  portions  at  the  common  tempera* 
TO  of  the  atmosphere,  particularly  in  a  vacuum. 

1204.  When  the  temperature  of  mercury  is  considerably  increas-  Vtpoor. 
I  above  its  boiling  point,  the  vapour  acquires  great  expansive  force, 
id  the  power  of  bursting  the  strongest  vessels.  Gray-Lussac  has 
Icolated  that  the  vapour  of  mercury  is  12.01  more  dense  than 
yg«n  gas,  and  that  the  liquid  metal  m  becoming  gaseous,  increases 
fwame  961  times. 

IflOfi.  When   the  temperature  of  mercury  is  reduced  to  about  FrMiinf. 
40*  or  40°  F.,  it  becomes  solid  and  malleable. 
Bt  congelation  it  acquires  an  increase  of  sp.  gr. ;  and,  therefore, 
ilifca  other  metals,  the  congealed  portion  sinks  to  the  bottom  of  a 
lid  aiata  of  mercury.     Its  sp.  gr.  at  47°  above  0  F.  being  13.568, 
w  increased  by  congelation,  to  15.612. 

Mereary,  if  quite  pure,  is  not  tarnished  in  the  cold  by  exposure  to 
r  And  moisture ;  but  if  it  contain  other  metals,  the  amalgam  of 
OBe  metals  oxidizes  readily,  and  collects  a  film  upon  its  surface. 
ISOOi  Mercury  is  sometimes  adulterated  with  the  alloy  of  lead  Adalterm- 
il  bbmuth,  a  fraud  easily  detected  by  the  want  of  its  due  fluidity,  ^^J^;;;^ 
\/i  byiiB  not  being  perfectly  volatile,  but  leaving  a  residuum  when 
fled  ID  a  platinum  or  iron  spoon.) 

*Lnd  eombioefl  with    Iodine,  Flaorine,  &c.,  for  which  see  Tamer,  Brande, 
mmmm  wmd  othera.  t  Tamer,  PhiL  Trant,,  1S3S,  pmrt  ii. 

t  WmmSf  which  is  chemicallf  iropore  wiU  toon  aoqaire  adhesive  films  on  its  sar> 
SSbttia  wImo  ckansed  of  mechanical  impurities,  and  with  a  rapidity  dependent 
I  tM  SfiUUion  of  the  metal  or  extension  of  surface.  These  interfere  chemically 
hsa  Ikt  mtlal  is  to  be  used  in  forming  combinations,  and  mechanicallT  in  its  ases 
Ikt  tPMfh  in  electro-magnetic  experiments,  and  in  toe  construstion  of  barometera 
dlhsroMfnetere. 
Iht  fviieation  of  mercnry  from  metals  by  distillation  should  be  performed  in  an 

'lit,  a  portioQ  of  dean  iron  and  copper  filinjp  hatins  been  introduced  with  the  panted. 
,  which  should  be  condensed  and  reoeiTed  in  clean  water.  This  proosss. 
',  is  not  wholly  unobjectionable,  as  both  xinc  and  arsenic  will  poss  over,  ana 
Mala  ara  often  present.  A  very  useful  method  is  to  pot  from  half  an  inch  to 
■httk  m  dapth  of  mercury,  into  a  laqie  earthenwara  pan,  and  to  poor  over  it  sulph- 
miflid  dilafad  with  twice  lU  weight  of  water.  The  sobstaoeea  should  ba  kit  to- 
~^    fv  a  weak  or  two,  baiBfffraqMiitly  agitated.    The  nttal  and  add  ara  than  to 


802  Jlfetab--Jlffreiiry. 

Chap  IT.    _  1207.  The  only  acids  that  act  oo  mercury  are  the  talpbarie  nl 
Action  of    nitric,  the  former  requires  the  aid  of  heat  and  salphurous  aekl  ii 
acids.         disengaged  (530) ;  the  latter  acts  at  all  temperatures  and  binoxide  of 
nitrogen  is  evolved  (455). 

Protoxide.  1208.  Prot4)xide  of  Mercury,  Hg+0,  Hg,  or  HgO,  90^  ^  •]; 
mere.  -|-  8  1  eq.  oxy.  =  210  equiv.  This  oxide  which  is  a  bhck 
powder,  insoluble  in  water,  is  best  prepared  by  the  process  recM- 
mended  by  Donovan.*  This  consists  in  mixing  calomel  brisldy  iai 
mortar  with  pure  potassa  in  excess,  so  as  to  effect  its  decomposiM 
as  rapidly  as  possible  :  the  protoxide  is  then  washed  with  cold  wam 
and  dried  spontaneously  in  a  dark  place.  These  precaatioiii  in 
rendered  necessary  by  the  tendency  of  the  protoxide  to  reaolfei^ 
self  into  the  peroxide  and  metallic  mercury,  a  change  whiek  ii 
easily  effected  by  heat,  by  the  direct  solar  rays,  and  even  by^  itj^ 
light.     It  is  on  this  account  very  difficult  to  procure  protoxidt  d 


mercury  in  a  state  of  absolute  purity. 
Properties.      1209.  It  is  a  black  powder,  insoluble  in  water,  uniting  with 
but  a  weak  alkaline  base.     The  alkalies  precipitate  it  from 
of  its  salts  as  the  black  protoxide. 

It  is  thrown  down  as  a  white  carbonate  by  alkaline  carbonatciite 
soon  becomes  dark  from  loss  of  its  carbonic  acid ;  as  calomel  If 
hydrochloric  acid  or  any  soluble  chloride,  and  as  black  proiosalpln^ 
et  by  hydrosulphuric  acid ;  this  last  is  the  best  teat  of  its  pn» 
ence. 

Peroxide,        1210.  Peroxide  of  Mercury,  Hg+20,  Hg,  or  HgO*,  902  1» 

or  rod  pre-  mere.  -|-  16  2  eq.  oxy.  =  218  equiv.     This  oxide  may  be  Cdmh 

dpiute.      either  by  the  combined  agency  of  heat  and  air,  or  by  dianM^ 

mercury  in  nitric  acid,  and  exposing  the  nitrate  so  lomied  !•  * 

temperature  just  sufficient  for  expelling  the  whole  of  the  r''^" 

acid.t     It  is  commonly  known  by  the  name  of  red  preei]riieU9,t 

Process.  1211.  When  prepared  by  heat  the  proce«  may  be  conducted  by  ii 

ducing  into  a  flat-bottom  matran,  (Fig.  1B2,)  about  4  ounces  of  roercuryt 
placing  it  in  a  sand-bath,  heated  to  the  boiling  point  of  the  metal.   In 


a  month's  time  nearly  the  whole  is  converteu  into  oxide.    Air  is  Aecly 
admitted  by  the  tube,  while  its  lencth  prevents  the  escape  of  mercorid 
vapour,  which  condenses  and  falls  back  into  the  body  of  the  vesiBel;  the 
remaining  portion  of  running  mircury  may  be  driven  off  by  *»p«i*J»g  il    JL 
in  a  basin  to  a  heat  just  below  redness.  ^ 

Properties.      1212.  Peroxide  of  mercury,  thus  prepared,  is  commonly  ia  Ai 
form  of  shining  crystalline  scales  of  a  nearly  black  colour  while  kft 


be  separated,  the  latter  preserred  for  a  similar  operation  in  future,  ud  tkr 
washed,  dried  aod  cleansed  mechanically,  by  squeezing  through  shaiDoia  ImArW 
agitation  with  damp  loaf  sugar,  passiag  throngn  a  paper  funiMl,  <te»  9m  AmW* 
Chem.  Manip.  sect.  zz. 

*  ilnn.  of  PkU,  zif. 

t  The  perozide  prepared  from  the  nitrate  almost  always  contaim  s  ttaet  af  iftv 
acid,  which  may  he  delected  by  heatiog  it  in  a  clean  glass  tube  by  meui  sf  s^^ 
lamp 3  a  yellow  ring,  formed  of  suhnitrate  of  peroxide  ot  mercury,  ooUads  wttMV 
tabe  just  aboTe  the  part  which  is  bested.    (Clarice.) 

t  H^rargifri  oxidum  rubrum  of  the  Pharmacop.  In  the  manufaeture  oTlhiia^ 
pound  at  Apothecaries'  Hall  (Lond.)  100  Ihs.  of  mercury  are  hniled  whk  U  ^^ 
nitric  acid  (sp.  gr.  l.4d)  and  by  proper  eTapormtion  and  applicttioa  ef  a  dal  wii^ 
US  Um.  of  the  kydrarfryri  nUrico  oxidum  are  oblained.    B. 


/Vo(odU0riib  ofMtnury.  3CV 

* 
I  when  cold :  when  very  finely  lerigated,  the  peroxide  has  8<ctTH. 
ige  colour.     It  is  soluble  to  t  small  extent  in  water,  forming 
ion  which  has  an  acrid  metallic  taste,  and  is  poisonous. 
Seated  (o  redness,  it  is  converted  into  metallic  mercury  aud 

Long  exposure  to  light  has  a  similar  effect* 
.  Some  of  the  neutral  salts  of  this  oxide,  such  as  the  nitrate  Actioaof 
phate,  are  converted  hy  water,  especially  at  a  boiling  tem-  "^^^^  **• 
e,  into  insoluble  yellow  subsalts,  leaving  a  strongly  acid  so- 
in  which  a  little  of  the  original  salt  is  dissolved.    The  oxide 
rated  from  all  acids  as  a  red,  or  when  hydratic  as  a  yellow 
ate,  by  the  pure  and  carbonated  fixed  alkalies.    Ammonia 
carbonate  cause  a  white  precipitate,  which  is  a  double  salt, 
og  of  one  equivalent  of  the  acid,  one  equivalent  of  the  pe- 
and  one  eauivalent  of  ammonia.    The  oxide  is  readily  re- 

0  the  metallic  state  by  metallic  copper. 

^  Protochloride  of  Mercury,  Hg+CI,   or  HgCI,  202  1  eq.  Protochlo- 
f-  35.42  i  eq.  chlor.  =  237.42  equiv.     This  compound,  com-  jj^*^**'  ^■ 
termed  cahmel,  is  first  mentioned  by  Crollius,  early  in  the 
enth  century. t 

>•  It  is  always  generated  when  chlorine  comes  in  contact  with  Obttiiicd. 
y  at  common  temperatures ;  and  also  by  the  contact  of  me* 
lercury  and  the  bichloride.  It  may  be  made  by  precipitation, 
ing  nitrate  of  protoxide  of  mercury  in  solution  with  hydro- 
acid  or  any  soluble  chloride.  It  is  more  commonly  prepared 
imation.  This  is  conveniently  done  by  mixing  272.84  parts 
equivalent  of  the  bichloride  with  202  parts  or  one  equiva- 
roercury,  until  the  metallic  globules  entirely  disappear,  and 
ibliming.  When  first  prepared  it  is  always  mixed  with 
Drrosive  sublimate,  and,  tnerefore,  should  be  reduced  to 
'  and  well  washed,  before  being  employed  for  chemical  or 

1  purposes,  t 

L  When  obtained  by  sublimation  it  is  in  semi-transparent  PropertiM. 
ioe  cakes ;  but  as  formed  by  precipitation,  it  is  a  white  pow- 
ts  density  is  7.2.     At  a  heat  short  of  redness,  but  higher 
e  subliming  point  of  the  bichloride,  it  rises  in  vapour  with- 
vious  fusion  ;  but  during  the  sublimation  a  portion  is  always 

MIt. 

Snt  diiectiont  for  iti  prepwmtioo  wn  gifw  bj  Begnin,  Id  the  Tjfrodnium 
M,  poblUhed  in  1608.  He  nils  it  draco  mittgaiuM,  Severel  other  fanciful 
If*  been  applied  to  it,  such  as  aquUa  mUigrna,  manna  metaUorum,  ponchy' 
n  wdiuraU,  nMimahim  dulce,  mercurius  aukit,  4rc. 

m  formerly  the  custom  to  submit  calomel  to  verv  numerous  sobUmations, 
I  idea  of  rendering  it  mild ;  but  these  often  tended  to  the  production  of  cor- 
bttmate ;  and  the  calomel  of  the  first  sublimation,  especially  if  a  little  ex- 
■ncorr  be  found  in  it,  is  often  more  pure  than  that  aflbrded  by  subsequent 
a.    Tm  following  are  the  directions  given  in  the  Land.  Pharmacop, 

*'  Take  of  oxymuriate  of  mercury,  1  lb. 

purified  mercury,  by  weig^t^  9  ox. 

m  together  until  the  meullic  globules  disappear ;  then  sublime :  take  out  the 
I  aiaas,  reduce  it  to  powder,  and  sublime  it  in  the  same  manner  twice  more 


af  'f  bring  it  to  the  state  of  a  very  fine  powder  i  throw  this  into  a 
,  full  of  water ;  then  stir  it,  and,  after  a  short  interval,  pour  the  supema- 
M  Kihitioa  into  another  vessel,  and  set  it  by,  that  the  powder  may  suDsida. 
ksnag  powed  awajy  the  water,  dry  the  powder." 


W o6atrrad tbaltn  these  piocesaas  the  oparaiioD  contifts ia ndaciBi tha 
of  procoehlonda  by  tha  addition  of  wtnmj,  j 


b  fothaatato 
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Chap.  IV.  resolved  into  mercury  and  the  bichloride.  It  is  yellow  while  wun, 
but  recovers  its  whiteness  on  cooling.  It  is  distingaished  from  tbi 
bichloride  by  not  being  poisonous,  by  having  no  taste,  and  fay  bdif 
exceedingly  insoluble  in  water.  Acids  have  little  efiect  upon  it; 
but  pure  alkalies  decompose  it,  separating  the  black  protoxide  of 
mercury. 
Bichloride,  1217.  Bichloride  of  Mercury,  Hg+2Cl.or  HgCP,  202  1  eq. 
orcorrosite  _|.  70.84  2  eq.  chlor.  =*  272.84  equiv.  When  mercury  is 
tu  imate.  .^  chlorine  gas,  it  takes  fire*  and  burns  with  a  pale  red  flame, 
ing  the  well  known  medicinal  preparation  and  Tirulent  | 
corrosive  sublhnate,  or  bichloride  of  mercury.  It  is  preparN  fv 
medical  purposes  by  subliming  a  mixture  of  bisulphate  of  ibe  pi^ 
oxide  of  mercury  with  chloride  of  sodium  or  8ea«*8ah.*  The  a- 
act  quantities  required  for  mutual  decomposition  are  296.2  paiti  m 
one  equivalent  of  the  bisulphate,  to  117.44  parts  or  two  equiTalmtt 
of  the  chloride.     Thus, 

ThMkrv  1  ^-  Bisulphate  of  Mercurj- 

*°'^^-       Sulphuric  Acid    .      80.2  or  2  eq.  2flO» 
Perox.  of  More.    .      218  or  1  eq.  HgO' 


298.2  HgO»44230« 


2  eq.  Chloride  of 
Chlorine    .     .    70.84  or  9  eq.  U 
Sodium  .    46^6   or  9  cq.  flh 

117JU  9  (IbfQ 


and  by  mutual  interchange  of  elements  they  produce 

1  eq.  Bichloride  of  Mercury. 
Mercury     .     .    .    202    or  1  eq.  He. 

^eq.2Cl 


Chlorino    .    .    .    70 M  ox  2 


2  eq.  Sulphate  of  Soda. 
Soda  .  .  .  08.6  or  2  eq. 
Sulph.  Acid  .    80.9  or  2  eq. 

272.84      Hg4-2C1        \  ll?^  2  (NaO^ioi 

The  products  have  exactly  the  same  weight  (272.84  *|-  149S« 
415.64)  as  the  compounds  <2d8.2  +  117.44  ==r  415.64)  from  whU 
they  were  prepared. 
Chanete  '^13*  Bichloride  of  mercury  is  usually  seen  in  the  form  of  aii^ 
'  fectly  white  semi-transparent  mass,  exhibiting  the  appearance  of  i» 
perfect  crystallization.  It  is  sometimes  procured  in  quadnafriv 
prisms.  Its  sp.  gr.  is  5.2,  its  taste  is  acrid  and  nauseous^  kanif 
a  peculiar  metallic  and  astringent  flavour  upon  the  tongae.  Iti^ 
solves  in  20  parts  of  water  at  60'',  and  but  twice  its  weight  stSUT* 
It  is  more  soluble  in  alcohol  than  in  water.  When  heated,  it  mi' 
ly  sublimes  in  the  form  of  a  dense  white  vapour,  strongly  afibciaf 
the  nose  and  mouth.  It  dissolves  without  decompositioo  in  kyii^ 
chloric,  nitric,  and  sulphuric  acids :  the  alkalies  and  severel  of  i> 
metals  decompose  it. 

Action  of        ^^^^*  '^  aqueous  solution  is  gradually  decomposed  by  lighlid' 
light,         omel  being  deposited. 

Of  alkalies      ^^^  ^^^  ^"^  carbonated  6xed  alkalies  throw  down  the  perodi 
'of  mercury  from  a  solution  of  corrosive  sublimate ;  ammonia  m ii 


*  The  following  it  the  process  followed  at  Apothecaries  Hall,  (Luad.)  IS 
mercury  are  boiled  with  70  lbs.  of  sulphortc  acid,  to  drj'oess,  in  a  cast*inB  \ 
62  Uis.  of  the  dry  salt  are  triturated  with  40  1-2  lbs.  of  roercorY,  mtU  lbs  fU^ 
dissppear,  and  34  lbs  of  common  salt  are  then  added.  This  mixtare  is  wdmmiB 
heat  in  earthen  vessels,  and  from  96  to  100  Iba.  of  calomel  an  Uia  Ntsh.  inkm^ 
washed  in  largt  qnaatitiet  of  distilled  watar,  after  having  bans  iMBi  ta  a  fcii^ 
mpalpabJa  powdar. 


loiidu  of  JiUnwry. 


* 


iry,  caufefl  the  ckposition  of  a  while  matter  which  is  common-  a>eLVit 
)wn  as  whiU  precipitate.*  Whit«  pw- 

0.  The  preseoce  of  mercury  in  a  flaid,  supposed  to  contain  cipiute. 
ive  sublimate,  may  be  detected  by  concentrating  and  digesting  ^<^^on 
h  an  excess  of  pure  potassa.     Peroxide  of  mercury,  which  ^  °^"^"y» 
es,  is  then  sublimed  in  a  small  glass  tube  by  means  of  a  spirits 

and  obtained  in  the  form  of  metallic  globules.  When  the 
ride  is  mixed  with  organic  substances,  Christison  recommends 
le  liquid,  without  previous  filtration,  be  agitated  with  a  fourth 
Tolume  of  ether,  which  separates  the  poison  firom  the  aqueous 
od  rises  to  the  surface.  The  ethereal  solution  is  then  evapora- 

a  watch-glass,  the  residue  dissolved  in  water,  and  the  mercu- 
icipitated  in  the  metiillic  state  by  protochloride  of  tin  at  a 
IT  temperature.! 

1.  A  very  elegant  method  of  detecting  the  presence  of  mer-  Sylrwtcr't 
I  to  place  a  drop  of  the  suspected  liquid  on  polished  gold,  and  method. 
:h  the  moistened  surface  with  a  piece  of  iron  wire  or  the  point 
tnknife,  when  the  part  touched  instantly  becomes  white,  owing 

formation  of  an  amalgam  of  gold.     This  process  was  orig- 
suggested   by   Sylvester,  and  has  since  been  simplified  by 

2.  Many  animal  and  vegetable  solutions  convert  bichloride  of  Action  of 
ry  into  calomel.  Some  substances  efiect  this  change  slowly ;  ^^^o*'"* 
others,  and  especially  albumen,  produce  it  in  an  instant. 

i  aolotion  of  corrosive  lublimate  drop  a  aolution  of  albumen,  made  by  Exp. 
s  portion  of  white  of  egg  with   water,  a  white  flocculent  precipitate 
I,  which  Orfila  ban  shown  to  be  a  compound  of  calomel  and  albumen, 
ieh  he  has  proved  experimentally  to  be  inert.*    Consequently,  a  solu- 
the  white  of  eggs  is  an  an  antidote  to  poisoning  by  corrosiTe  sublimate. 

J.  Protiodide  of  Mercury,  Hg+I,  or  Hgl,  202  1  eq.  mere.  +  Protiodide. 

1  eq.  iod.  ^=  S^.3  equiv.,  is  obtained  by  mixing  nitrate  of 

ide  of  mercury  in  solution,  with   iodide  of  potassium ;  when 

Itr  is  added  to  the  mixed  nitrates  of  the  protoxide  and  perox- 

nercury,  the  latter  in  excess,  the  sesquiodide  falls. 

L  Bimodide  of  Mercury,  Hg4-2I,  or  HgP,  202  1  eq.  mere  Biniodide. 

.6  2  eq.  iod.  =  454.6  equiv.     This  compound  is  formed  by 

1^  nitrate  of  the  peroxide  or  bichloride  of  mercury  with  iodide 

issium  in  solution,  and  falls  as  a  rich  red-coloured  powder  of 

irhich  vies  in  beauty  with  that  of  vermilion,  though   unfortu- 

I  enhstanre  has  been  recentlv  examined.*  It  was  found  that  a  slight  excess 
min  being  added,  just  one  half  the  chlorine  of  the  corrosire  snbnmate  was 
d,  the  other  half  remaining  in  the  solution  with  the  ammonia.  The  precipitate, 
ISM,  did  not  contain  calomel.    It  was  found  to  be  compoeed  of 

Mereurf  78.6  Ammonia  6.77 

Chlorine  l3.dS         Hygrometric  water  >        -g 

loss  and  oxygen,     { 
ie  constitution  would  appear  from  this  analysis  to  contain  the  compound 
rhich  is  the  base  of  the  amides. 

•  ii  probable,  most  of  the  poison  is  already  conYerted  into  calomel,  and 
rendered  insoluble,  as  many  Tegetable  fibres  should  be  picked  out  as  poesible, 
ehole  St  once  digested  with  protrchioride  of  tin.  The  organic  substancee 
dkaolved  in  a  hot  solution  of  caustic  potassa,  and  the  insoluble  paru  washed 
hned  to  separate  the  mercury. t 

ml  JwriMpntdimot,  by  Pahs  and  Ponblanque.        §  7ba»0ofa|fWi  ^ot  i. 
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ca^p.  !▼.  nately,  the  colour  is  less  permanent.  Though  insoluble  in  witer,  it 
dissolves  freely  in  an  excess  of  either  of  its  precipitants.  If  tokea 
up  in  a  hot  solution  of  nitrate  of  peroxide  of  mercury,  the  btniodide 
crystallizes  out  on  cooling  in  scales  of  a  beautiful  red  tint  Tbe 
same  crystals  separate  from  a  solution  in  iodide  of  potassium;  iMt 
if  the  liquid  be  concentrated,  a  double  iodide  »of  mercury  and  p 
tassium  subsides. 

Effect  of         1226,  The  biniodide,  when  exposed  to  a  moderate  heat,  gradHlj 

^^^^'  becomes  yellow ;  and  the  particles,  though  previously   id  powdv. 

acquire  a  crystalline  appearance.  At  about  400°  it  forms  a  yeHov 
liquid  which  slowly  sublimes  in  small  transparent  scales,  or  in  lti|i 
rhombic  tables,  when  a  considerable  Quantity  is  sublimed.  Tki 
crystals  retain  their  yellow  colour  at  60^  if  kept  very  tranquil;  k« 
if  the  temperature  be  below  a  certain  point,  or  they  are  nibbed  m 
touched,  they  quickly  become  red.^  This  phenomenon  is  entMj 
due  to  a  change  in  molecular  arrangement:  the  diflerent  coloanii 
often  witnessed  in  the  same  substances  at  different  temperatnresiii 
in  peroxide  of  mercury  and  the  protoxides  of  lead  and  zinc,  wfftM 
to  be  phenomena  of  tho  same  nature.t 

Solphnrets.  1226.  Protosulphuret  of  Mercury,  Hg+S,  or  HgS,  202  1  e^ 
mere.  -|-  16.1  1  eq.  sulph.  =  218.1  equiv.,  may  be  prepared  If 
transmitting  a  current  of  hydrosulphuric  acid  gas  through  a  dihs 
solution  of  nitrate  of  protoxide  of  mercury,  or  through  water  ■ 
which  calomel  is  suspended.  It  is  a  black-coloured  substance, «W 
is  oxidized  by  digestion  in  strong  nitric  acid.  When  expondii 
heat  it  is  resolved  into  the  bisulphuret  and  metallic  mercurr- 

BisQlphu.        1227.  Bisulphuret  of  Mercury,   Hg+2S,  or  HgS*,    9DS  lc| 

nabar.  mere.  -(-  32.2  2  eq.  sulph.  =  234.2  equiv.,  is  formed  by  fiMf 
sulphur  with  about  six  times  its  weight  of  mercury,  and  subltoiBf 
in  close  vessels.  When  procured  by  this  process  it  has  a  redcokar. 
and  is  known  by  the  name  o(  factitious  cinnabar.t  Its  tint  is  gna- 
ly  improved  by  being  reduced  to  powder,  in  which  state  it  forms  ik 
beautiful  pigment  vermilion.  It  may  be  obtained  in  the  meitf 
way  by  pouring  a  solution  of  corrosive  sublimate  into  an  execfi  flf 
hydrosulphate  of  ammonia.  A  black  precipitate  subsides,  wkiek 
acquires  the  usual  red  colour  of  cinnabar  when  sublimed. 

1228.  Cinnabar  is  not  altered  by  exposure  to  air  or  moittiRt 
when  heated  to  dull  redness  in  an  open  vessel,  the  sulphur  ftna 
sulphurous  acid,  and  the  mercury  escapes  in  ^'apour.  It  is  dectf- 
posed  by   distillation   with  fixed  alkalies,  lime,  and  baryta,  aalkf 

*  This  appears  to  have  tieen  first  noticed  by  Hayes,  who  hai  givta  mm  wamtKid 
process  for  prepariog  the  compound  in  Amer,  Jour.  xvi.  174. 

t  Se$quiodide  qf  Mercury^  2H^3l,  or  HgfP,  404  3  eq.  mere  +  STB.i  S  il-ii*' 

s  782.9  nquiT. 

Protobromide  of  Mercury^  Hg+Br,  or  HgBr,  202  1  eq.  mere  +  T8.4  I  «.  !■•■ 
=  230.4  e^uiT. 

BibromuU  of  Mercury ^  Hg+2Br.  or  HgBi^,  202  1  eq.  mere.  4  li«.S  t  m.  !■■• 
=358.8  eqair. 

t  In  the  manufacture  of  cinnabar  8  parts  of  mercury  are  mixed  in  m  \nm  ftL  ^ 
one  of  salphar,  and  made  to  combine  by  a  moderate  heat,  and  coDstaat  sUiniff  ij* 
compound  is  then  transferred  to  a  sisss  subliming  ^vessel,  (on  a  small  teali  a  Tt^ 
ence  flask  answers  perfectly.)  and  heated  to  redness  in  a  sand-baili ;  a  Mtfiy* 
mercorr  and  of  atilphur  eTaporate,  and  a  lublimsta  ibona  which  as  -^  —^-^ 
bad  or  ftrigatad  into  a  fcry  Una  powder. 
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neral  of  the  metals.    When  adulterated  with  red  lead  it  is  not  en-  8>et.YH. 
*ly  volatile. 

1229.  NoHve  Cinnabar  is  the  principal  ore  of  mercury ;  it  occurs  Nmuftein- 
issive  and  crystallized  of  various  colours,  sometimes  appearing  °* 
el*gray,  at  others  bright  red.     Native  mercury  and  native  amal- 

m  of  silver  sometimes  accompany  it 

1230.  When  equal  parts  of  sulphur  and  mercury  are  triturated 
lether  until  metallic  globules  cease  to  be  visible,  the  dark  coloured  Ethio]M. 
\m  called  etkiaps  mineral  results,  which  Brande  has  proved  to  be  a 
Elure  of  sulphur  and  bisulphuret  of  mercury.*' 

1231.  Mercury  combines  with  most  of  the  other  metals,  and  forms  Amalgmmi. 
:lms8  of  compounds  which  have  been  called  amalgams.     These  are 
lertlly  brittle  or  soft.     One  part  of  potassium  with  70  of  mercury 

iduces  a  hard  brittle  compound.   If  mercury  be  added  to  the  liquid 

By  of  potassium  and  sodium,  an  instant  solidification  ensues,  and 

It  enough  to  inflame  the  latter  metal  is  evolved.     The  amalgams 

gold  and  silver  are  employed  in  gilding  and  silvering. 

kn  amalgam  of  2  parts  of  mercury,  1  of  bismuth,  and  1  of  lead,  is 

id«  and  when  kept  for  some  time,  deposits  cubic  crystals  of  bis- 

itM 

1232.  By  combination  with  mercury,  metals  that  are  not  easily  Ozidmtion 
tdiied,  acquire  a   facility  of  entering  into  union  with  oxygen.  jJ^JJJ^jJj 
ins  gold  and  silver,  when  combined  with  mercury,  are  oxidized  by  ^mercury. 
litton  in  contact  with  air.     This  fact  furnishes  a  striking  illustra- 

D  of  the  effect  of  overcoming  the  aggregative  aflinity  of  bodies  in 
Mnoting  chemical  union. 

1233.  When  mercury  is  negatively  electrized  in  a  solution  of  am- 
oia,  or  when  an  amalgam  of  potassium  and  mercury  is  placed 
so  moistened  hydrochlorate  of  ammonia,  the  metal  increases  in 
iQaWf  and  becomes  of  the  consistency  of  butter,  an  appearance 
ikh  has  sometimes  been  called  the  metallization  of  ammonia.  It 
t  suggested  some  hypotheses  concerning  the  nature  of  ammonia 
1  the  metals  (731).t 

Silver. 

Symb.  Ag        Eqtdv.  108 

1234.  Silver  is  found  native,  and  in  a  variety  of  combinations  ;  it  Silvtr, 
t  known  to  the  ancients.     Native  silver  occurs  crystallized  in  oc- 
ledral  or  cubic  crystals,  arborescent  and  capillary.     It  is  seldom 

te»  but  contains  small  portions  of  other  metals,  which  afiect  its 
oar  and  ductility.  It  is  chiefly  found  in  primitive  countries.  In 
m  and  Mexico  are  the  richest  known  mines  of  native  silver. 

1235.  Pure  silver  may  be  obtained  from  goldsmiths\  or  standard  Pare,  pro- 
per, by  dissolving  it  in  nitric  acid  and  precipitating  by  means  of  a  ****  ^'^^' 


\  qf  ScL  ro\.  xviii.  p.  9M. 
rnhmtted  Biekioride  qf  Mercury,   aoHgCI^l,  6466.8  80  eq.  bichlor.  +  186.3  1 
iodlM  x=  6683.1  Muiv. 

tdobkkioride  qf  Mercury.    40HgCP+HgP,  1091  S.6  40  eq.  bichlor.  +  464.6  1  cq. 
iadkU  SB  11368.8  eqniv. 

Won  the  method  of  mikiog  an  amalgam  of  copper  aee  Aikio*8  ZXtf.,  art.  Mercury, 
ft;  ThoiiiaoQ*t  Chem.  qflnorg,  Bodieet  t.  686. 

VpiHi  thia  aabjact  the  atadeat  may  eooault  Qay-Laaaae  and  Thanaid  (Rtckerehm 
pi.  GUiR.  vol.  L),  tad  Banalioa  (tiekrhuok  I). 
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^^^'^'  clean  piece  of  copper,  washing  with  pare  water,  and  then  diganbg 

in  ammonia,  to  remove  the  copper. 

Anotbtr.         1236.  A  better  process  is  to  decompose  chloride  of  silver  bjr  wmn 

of  carbonate  of  potassa. 

For  thii  purpose  precipitate  a  folotion  of  nttrateof  oxide  oTalver  whhchMii 
of  eodiuin,  wash  tde  precipitate  with  water,  and  drr  it.  Then  pot  imtili 
weight  of  carbonate  ofpotassa  into  a  clean  Hessian  or  olack  lead  cmdblsL  httfil 
to  redness,  and  throw  the  chloride  by  successive  portions  into  the  fbaeo  i '  " 
Effervescence  takes  place  from  the  evolution  of  caibonic  acid  and  wtyftm 
chloride  of  potassium  is  generated,  and  metallic  silver  snbddea  to  tb  h 
The  pure  metal  may  be  granulated  by  pouring  it  while  fbaed  firoin  a  hs^ 
seven  or  eight  feet  into  a  vessel  of  water.* 

Characters.      1237.  Silver  has  a  pure  white  colour,  and  considerable  hriHisncy. 

Its  sp.  gr.  is  10.51  (hammered).  It  is  so  malleable  and  ductile,  thitii 

may  be  extended  into  leaves  not  eiceediog  a  ten  thousandth  of  ii 

incn  in  thickness,  and  drawn  into  wire  finer  than  a  human  hair. 

Properties.       123S.  It  melts  at  a  bright  red  heat,  1879*  F.,  and  when  in  foM 

appears  extremely  brilliant.     It  resists  the  action  of  air  and  moMRt 

and  does  not  oxidize  ;t  the  tarnish  of  silver  is  occasioned  by  •■Iph- 

rous  vapours ;  it  takes  place  very  slowly  upon  the  pure  inetal«  k« 

more  rapidly  upon  the  alloy  with  copper  used  for  plate,  and  m 

found  by  Proust  to  consist  of  sulphurct  of  silver. 

Effect  of         1239.  Pure  water  has  no  effect  upon  the  metal ;  but  if  the  waia 

water,  ftc.  coQtain  vegetable  or  animal  matter,  it  often  slightly  blackens  itMWOt 

face  in  consequence  of  the  presence  of  sulphur.    If  an  electric  enlr 

sion  be  passed  through  fine  silver  wire,  it  bums  into  a  black  powofli 

which  is  an  oxide  of  silver.     In  the  Voltaic  circle  it  burns  withi 

fine  green  light,  and  throws  off  abundant  fumes  of  oxide-     Expsial 

to  an  intense  white  heat,  it  boils  and  evaporates.     If  suddenly  cooU 

it  crystallizes  during  congelation,  often  shooting  out  like  a  cmt 

flower,  and  throwing  small  particles  of  the  metal  out  of  the  cmdye- 

Copella-         1240.  Silver  is  not  unfrequently  obtained  in  considerable  qMtfi- 

^""'^  ties  from  argentiferous  sulphuret  of  lead,  which  is  reduced  n  tk 

usual  way  and  then  cupelled  ;  the  oxide  of  lead  thus  procured  iii^ 

tervvards  reduced  by  charcoal. t 


*  Thomson  fonod  it  difficult  to  obtain  siker  free  from  coj^r,  even 
from  the  chloride,  but  accomplished  the  object  br  firtt  waahiog  the  chloridt 
hited  nitric  acid,  which  removeii  the  copper.    Fvat  PrindpUt,  ii.  436. 

t  When  fused  in  open  Yessels  it  absorbi  ozysen  amcjantioff  sometimes  to 
times  its  Tolame,  but  parts  with  it  in  the  act  of  becommg  solid.    T. 

t  The  principle  of  its  separation  from  lead  is  founded  on  the  diflertnt 
lead  and  siWer,  and  on  the  ready  fusibility  of  litharge.  The  lead  obtained 
kinds  of  galena  which  are  rich  in  sulphuret  of  silver  is  kept  at  a  red  heat  in  a  fcii^ 
naccj  with  a  draught  of  air  constantly  playing  on  its  surface;  the  lend  ia  tkm npi^ 
oxidized  -,  and  as  the  oxide,  at  the  moment  of  its  formation,  ia  fneed,  and  IM* 
through  an  aperture  in  the  side  of  the  furnace,  the  production  of  litfaaife  famsi*' 
interruptedly  untH  all  the  lead  is  remoTed.  The  button  of  silver  is  9§am  §mdB* 
smaller  furnace,  resting  on  a  porous  earthen  dish,  made  with  booe-aahas^  ff1|J^ 
called  a  tai  or  cupel^  the  porosity  of  which  is  so  great,  that  it  abaorba  any 
remaining  portions  of  litharge  wnich  may  be  formed  on  the  ailver. 

The  cupel  is  ea«ily  prepared  by  driring  pounded  bone  ashes  into  a  small 
brass  mould,  by  means  of  a  pestle  (Pig.  183),  struck  forcibly  by  n  woadtn 
Fif.  181.  '  mallet.  It  must  then  be  remoTed  cautiously,  plaesd  oi 
a  piece  of  paper  and  dried.  The  mould  is  o|Mn  abovt 
and  below.  In  the  process  the  cupel  is  placed  in  a  nn|^ 
ife  (Fig.  184),  which  is  made  of  tne  clay  oaad  far  ena- 
bles, arched  aboTe  and  closed  at  every  aide  caeepi  ia 
front,  so  that  it  may  be  exposed  to  a  lusb  tampnsMic,  . 
and  air  be  at  the  same  time  admitted.    l%e  copal  in  ww »■* 
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Some  of  the  silver  ores,  especially  the  sulphurets,  are  reduced  by  8<clv». 
mmalgarnation.     These  ores,  when  washed  and  ground,  are  miied  Amalga- 
wiih  a  portion  of  common  salt  and  roasted ;  then  powdered  and  oMtion. 
mixed  by  agitation  with  mercury,  and  the  amalgam  thus  formed  is 
distilled.* 

1841.  The  only  pure  acids  that  act  upon  silver,  are  the  sulphuric  Action  of 
mod  nitric,  the  latter  is  its  proper  solvent,  forming  with  its  oxide  a  salt,  ■^*- 
which,  after  fusion,  is  known  as  lunar  caustic, 

1242.  Oxide  of  Silver,  Ag+0,  Ag,  or  AgO,  108  1  eq.  silver  +  Oxidt. 
8  1  eq.  oxy.  =  116  equiv.,  may  be  procured  by  mixing  a  solution  of 
pure  baryta  with  nitrate  of  oxide  of  silver  dissolved  in  water.     It  is 

of  a  brown  colour,  insoluble  in  water,  and  is  completely  reduced  by 
«  red  heat. 

1243.  Silver  is  separated  from  its  solution  in  nitric  acid  by  pure  Actioii  of 
alkalies  and  alkaline  earths  as  the  brown  oxide,  which  is  redissolved  jj^^^ 
by  ammonia  in  excess ;  by  alkaline  carbonates  as  a  white  carbonate, 
soluble  in  an  excess  of  carbonate  of  ammonia  ;  as  a  dark  brown  sul- 
phuret  by  hydrosulphuric  acid ;  and  as  a  white  curdy  chloride  of 
silver,  which  is  turned  violet  by  light  and  is  very  soluble  in  ammonia, 

hv  hydrochloric  acid  or  any  soluble  chloride.  By  the  last  charactery 
silver  may  be  both  distinguished  and  separated  from  other  metallic 
bsdiea. 

1244.  Silver  is  precipitated  in  the  metallic  state  by  most  other  Arbor  Di- 
metals.     When  mercury  is  employed  the  precipitation  is  very  slow,  ""^ 
and  produces  a  peculiar  symmetrical  arrangement,  called  the  arbor 


mod  filTer,  it  placed  in  the  muffle,  in  the  cupdling  furnace,  (Fig.       Fif'  1^- 
I  as.)   Tbis  fomace  haa  an  opeoing  in  one  of  lU  tides  to  receiTe  the 


This  it  an  important  procets  and  much  used  by  refiners  and  assay- 
in  Ur  analysis  of  alloyed  silver.    Supposing  that  an  alloy  of  silrer 
1  eopper  ta  to  he  auayedt  or  analyzed,  by  capellalion,  the  followmg 
is  the  Bode  of  proceeding. 

A  dean  piece  of  ih«  metal,  weighing  about  30  grains,  is  laminated, 
and  accvrately  weighed  in  a  tery  sensible  balance.  It  is  then  wrapped  up  in  the  re- 
^ttiftite  qoantity  of  sheet  lead,  (pure  and  reduced  from  litharae,)  and  placed  upon  a 
•mall  cifpe/,  or  shallow  crucible,  made  of  bone  earth,  whicii  has  been  previously 
bftttfd.  The  whole  is  then  place<I  under  the  muffle,  heated  to  bright  reaness ;  the 
BPtmla  meK,  and  by  the  action  of  the  air  which  plays  over  the  hot  surface,  the  lead 
•Bd  copper  are  ozidiied  and  absorbed  by  the  cup«I,  and  a  button  of  pure  silver  ulti- 
OMialjr  remains,  the  completion  of  the  process  being  judved  of  by  the  cessation  of  the 
«iidaiioD  and  motion  upon  the  surface  of  the  globule,  and  by  the  very  brilliant  appear- 
aaoa  uaumed  by  the  silver  when  the  oxidation  of  its  alloy  ceases.  The  button  of 
pare  metal  i*  then  sufiered  to  cool  gradually,  and  its  loss  of  weight  will  be  equivalent 
•»  Ibt  weight  of  the  alloy,  which  has  been  separated  by  oxidation. 

T»  perform  this  process  with  accuracy,  many  precautions  are  requisite,  and  nothing 
bat  «nctiee  can  teach  these,  so  as  to  enable  tne  operator  to  gain  certain  results.  A 
■■w  10  inches  in  length.  6  broad,  and  about  4A  high,  answere  for  mo>t  operations. 
It  abovld  never  be  exposed  suddenly  to  a  strong  neat,  as  it  is  very  apt  to  be  cracked ; 
iha  tie  abould  also !«  raised  very  gradually,  at  Brat  with  little  more  tnan  may  prevent 
il  from  fiHDg  out.  The  fuel  is  mtroduceo  from  an  opening  above,  and  care  must  be 
tnkan  not  to  allow  any  of  it  to  fall  directly  upon  the  muffle.  The  bottom  should  rest 
0B  n  Are  brick,  and  its  sides  be  at  least  S  inches  from  the  walls  of  the  furnace. 

*The  old  process  of  eliguaiian  i»  now  scarcely  used  ;  it  consisted  in  fusing  alloys 
nf  eopper  and  silver  with  lead ;  I  his  triple  alloy  was  cast  into  round  masses  which 
we  set  in  n  proper  furnace  upon  an  inclined  plane  of  iron  with  asmaU  channel  groov- 
ti  oat,  nnd  heated  red-hot,  during  which  the  lead  melted  out,  and  in  conseouence  of 
ita  atirncticm  for  silver,  carrried  that  metal  with  it,  the  copper  being  left  benind  in  a 
liddisb-bJack  spongy  mass.* 

•  AUEfai's  DUL  an. 
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Chap  IV.  Diana,  It  was  first  remarked  by  Lemery.  To  obtain  this  ciyitalf 
lization  in  its  most  perfect  state,  the  solution  should  coDtaia  a  link 
mercury,  and  the  mercury  put  into  it  should  be  alloyed  with  a  link 
silver. 


How  made.      Make  an  amalgam,  without  heat,  ofioar  drachma  of  silver  leaf  with  twodi 

of  mercurv.  Diisolve  the  amalgam  in  four  ouncei  or  a  sufficient  quantity  of  pot 
nitric  acid  of  a  moderate  strength  ;  dilute  this  solution  in  about  a  pound  imi 
half  of  distilled'  water ;  agitate  the  mixture,  and  preserve  it  for  use  in  a  glav  boBlt 
with  a  ground  stopper.  When  this  preparation  is  to  be  used,  the  qnantily  of  €■ 
ounce  is  put  into  a  phial,  and  the  size  of  a  pea  of  amalgam  of  gold,  or  «lv«,a 
soft  as  butter,  is  to  be  added  ;  aflor  which  tne  vessel  must  be  leA  at  rest  Sosi 
aAerwards,  small  filaments  appear  to  issue  out  of  the  ball  of  amalgam,  wfaick  w 
crease  and  shoot  out  branches  in  the  form  of  shrubs.  U.  703.  Aocofding* 
Proust  all  that  b  required  is  to  throw  mercury  into  nitrate  of  silver  very 
diluted. 


Fulmina- 
tiDg  silver. 


Process. 


Caution. 


Chloride. 


Effect  of 
light. 


1246.  When  oxide  of  silver,  recently  precipitated  by  baryta  or 
lime-water,  and  separated  from  adhering  moisture  by  bibulous  papeii 
\i  left  in  contact  for  ten  or  twelve  hours  with  a  strong  soloiioD  of 
ammonia,  the  greater  part  of  it  is  dissolved  ;  but  a  black  powder  re* 
mains  which  detonates  violently  from  heat  or  percussion.  Thii 
substance,  which  was  discovered  by  Berthollet/  appears  to  bet 
compound  of  ammonia  and  oxide  of  silver;  for  the  products  of  id 
detonation  are  metallic  silver,  waten  and  nitrogen  gas. 

Precipitate  nitrate  of  silver  by  lime-water,  and  thoroughly  edulcorate  andi^ 
the  precipitate.  Let  this  be  afterward  put  into  a  vessel  of  the  purest  liqoid  a^ 
monia,  in  which  it  may  remain  for  ten  or  twelve  hours.  It  will  then  aaaoBMlkt 
form  of  a  black  powder,  from  which  the  fluid  is  to  be  decanted,  and  the  \hA 
substance  left  to  dry  in  the  air. 

This  is  the  celebrated  compound  iermed  fidminating  silver^  wfakh 
explodes  with  the  gentlest  beat,  and  even  with  the  slightest  fnctioQi 

1246.  It  should  be  made  in  very  small  quantity  at  a  time,  iid 
dried  spontaneously  in  the  air.t  When  once  prepared,  no  attenjit 
must  be  made  to  enclose  it  in  a  bottle,  and  it  must  be  leftundiitarbed 
in  the  vessel  in  which  it  was  dried.  Great  caution  is  necessary  ii 
the  preparation  of  this  substance,  for  in  making  experiments  oa  it 
several  fatal  accidents  have  been  produced  by  indiscretion  in  its  iim> 
It  even  explodes,  when  moist,  on  the  gentlest  friction. t 

The  liquid  when  gently  heated,  afibrds  a  still  more  dangeroo 
compound.  Another  detonating  compound,  less  dangerous,  maybe 
prepared  by  dissolving  silver  in  nitric  acid,  and  adding  the  solatioD 
to  alcohol.  It  is  this  which  is  used  in  the  little  balls  known  by  the 
name  of  torpedoes,^ 

1247.  Chloride  of  Silver,  Ag+CI,  or  AgCl,  109  1  eq.  silver +3i« 
1  eq.  chlor.  =  143.42  equiv.,  occurs  in  nature  and  is  the  homsikif 
of  mineralogists.  It  is  generated  when  silver  is  heated  in  chkrise 
gas,  and  may  be  prepared  conveniently  by  mixing  hydrochloric  scii 
or  any  soluble  chloride,  with  a  solution  of  nitrate  of  oxide  of  silicic 
As  formed  by  precipitation  it  is  quite  white  ;  but  by  exposure  totkt 


*  Ann  de  Chim.  i. 

t  The  student  cannot  be  too  careful  in  preparinir  this  dangerous  anbstnoSf 
has  caused  serersl  fatal  accidents.    See  Bruce's  lain.  Jour,,  i.  j  and  fiir  details 
man's  Chem.^  ii.  336. 

t  See  Count  Rumford's  papers,  Pha.  Trans.,  1798. 

f  For  piocassts  set  Sillimao's  Chem.f  ii. 
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lar  nys  it  becomes  violet,  and  almost  black,  in  the  course  of  Sict.  va. 
inutes;  and  a  similar  efiect  is  slowly  produced  by  diffused 
u*    According  to  Bertbollet,  the  dark  colour  is  owing  to  se- 

of  oxide  of  silver.t 

It  is  insoluble  in  water,  and  is  dissolved  very  sparingly  by  Of  tcidt. 
igest  acids ;  but  it  is  soluble  in  ammonia.  Hyposulphurous 
iwise  dissolves  it.  At  about  500°  it  fuses,  and  forms  a  semi- 
ent  horny  mass  on  cooling,  which  has  a  density  of  5.524.  It 
ny  degree  of  heat,  or  even  the  combined  action  of  pure 
,  and  heat,  without  decomposition  ;  but  hydrogen  gas  decom- 
readily. 

Chloride  of  silver  is  very  soluble  in  ammonia,  by  which  it  Action  of 
lly  distinguished  from  some  other  chlorides,  which,  like  it, *"*™**°*** 
te,  and  formed  by  precipitation.^ 

As  chloride  of  silver  is  insoluble  in  water,  and  very  readily  U*et. 
it  is  often  employed  in  analysis,  as  a  means  of  ascertaining 
K>rtion  of  chlorine  present  in  various  compounds.^ 

Suiphuret  of  Silver.     Ag-j-S,  or  Ago,  108  1  eq.  silver  Solphoret 

1  eq.  sulph.  =  124.1  equiv.  Silver  has  a  strong  affinity 
bur.  This  metal  tarnishes  rapidly  when  exposed  to  nn  at- 
re  containing  hydrosulpburic  acid  gas,  owing  to  the  forma- 
a  suiphuret.  On  transmitting  a  current  of  this  gas  through 
yn  of  lunar  caustic,  a  dark  brown  precipitate  subsides,  which 
Iphuret  of  silver.  The  silver  glance  of  mineralogists  is  a 
compound,  and  the  same  suiphuret  may  be  prepared  by 
thin  plates  of  silver  with  ahernate  layers  of  sulphur.  This 
et  is  remarkable  for  being  soft  and  even  malleable.il 
.  Alloys  of  Silver.  Silver  unites  with  most  other  metals,  AUoyt. 
fers  greatly  in  malleability  and  ductility  by  their  presence, 
lilver  and  steel  are  fused  together,  an  alloy  is  formed,  which 

perfect  while  in  fusion,  but  globules  of  silver  exude  from  it 
ing,  which  shows  the  weak  attraction  of  the  metals.  At  a 
^h  temperature  the  greater  part  of  the  silver  evaporates,  but 
n  equal  to  about  1  in  500  remains,  forming  a  perfect  alloy, 
>ly  adapted  to  the  formation  of  cutting  instruments. IF 
.  Silver  readily  combines  with  zinc  and  tin,  forming  brittle 

The  alloy  of  silver  with  copper  is  of  the  most  importance,  as 
itutes  plate  and  coin.  By  the  addition  of  a  small  proportion 
er  to  silver,  the  metal  is  rendered  harder  and  more  sonorous, 


Btiffe  has  ))een  taken  of  this  in  obtaining  copies  of  jpaintinn,  engraTings, 
ralSot  on  Photogenic  Drawing' ^  in  Lond.  and  Edin.  Philot.  Jour.  xir.  197. 

Chim.  Tol.  i.  p.  195. 

hould  he  cautious  in  applying  beat  to  the  ammoniacal  solution,  at  it  some- 
ma  a  fulminating  precipitate. 

we  cases  some  excess  of  jhe  precipitant  should  be  use<L  and  the  precipitate  cireamatAacM 
osuh»ide  preTions  to  separating  it  upon  the  filter;  if  the  sujiernataot  li-  lo  b«  aiuodwi 
me  perfectly  clear,  the  whole  uf  tne  silver  hss  fallen ;  if  it  remam  opalescent,  ^• 

is  prol»ahly  retained.  When  the  precipiute  remains  long  suspended,  iu 
D  may  be  accelerated  by  warmth,  or  Iit  adding  a  little  nitric  acid.  The  chlo- 
icte  cases  should  be  perlectly  dried  in  a  silver  crucible,  up  to  incipient 
B.  ii.  ISO. 

le  qfSiher,  Ag+I,  or. Agl,  108 1  eq.  silver -f  126.3  I  eq.  iodine  s834.3cquiT. 

dart  and  Fanday,  oo  the  l//oyt  qf  8M,    Quait.  Jmtr,  iz. }  Boti,  Jour, 
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Cb*p  iV'  while  Its  colour  is  scarcely  impaired.    With  lead  the  alloy  is  ^ny 
and  brittle,  as  also  with  antimony,  bismuth,  cobalt*  and  arseDic.* 

1254.  Amalgam  of  silver  is  sometimes  employed  for  platkig;  h 
is  applied  to  the  surface  of  copper,  and  the  mercury  being  eTaponlad 
bv  heat,  the  remaining  silver  is  burnished.  The  better  kind  d 
plating,  however  is  performed  by  the  application  of  a  plate  of  aibtr 
to  the  surface  of  the  copper,  which  is  afterwards  beaten  or  dnm 
out. 
SiWering  1255.  A  mixture  of  chloride  of  silver,  chalk,  and  pearlash,  is  €» 
for  dials,  ployed  for  silvering  brass;  the  metal  is  rendered  very  clean,  andtb 
above  mixture  moistened  with  water  rubbed  upon  its  suiikce.  Ii 
this  way  thermometer  scales  and  clock  dials  are  usually  silTeved. 

Gold. 

Siftnb,  Au       Equiv,  199.2 

Natife  1256.  Gold  occurs  in  nature  in  a  metallic  state,  alloyed  wilbi 

gold-  little  silver  or  copper,  and  in  this  state  is  called  native  gtid*    lue^ 

lour  is  various  shades  of  yellow ;  its  forms  are  massive,  ramose,  aai 
crystallized  in  cubes  and  octohedra.    Large  quantities  of  this  nMlri 
are  collected  in  alluvial  soils  and  in  the  beds  of  certain  rivers,  moif 
especially  those  of  the  west  coast  of  Africa  and  Peru,   Brazil  aid 
Mexico.     It  is  found  in  various  parts  of  Europe,  in  the  Uiilin 
mountains,  and  in  North  America.} 
StparatioD       1257.  Gold  is  generally  separated  by  amalgamation  and  capd^ 
or  qoarta-  tion.     The  best  mode  is  by  fusing  the  gold  with  so  much  silTer,  Iktf 
^'^'  the  former  may  constitute  one  fourth  of  the  mass;  nitric  add  «1 

then  dissolve  all  the  silver  and  leave  the  gold.     This  proceaii 
termed  qitartation. 
Method  of       1258.  Gold  may  be  obtained  pure  by  dissolving  standard  goU  ii 
obtaining    nitro-hydrochloric  acid.t  evaporating  the  solution  to  dryness,  re-di^ 
*  solving  the  dry  mass  in  distilled  water,  filtering,  and  adding  to  ill 
solution  of  sulphate  of  protoxide  of  iron  ;  a  black  powder  falls,  whkk 
af\er  having  been  washed  with  dilute  hydrochloric  acid  and  disdiU 
water,  affords  on  fusion  a  button  of  pure  gold. 
Characters.      1^^*  ^^Id  is  of  a  deep  yellow  colour.     It  melts  at  a  bright  irf 
heat,  2016°  Daniell,  and  when  in  fusion  appears  of  a  brilliant  ma 
colour.     Its  specific  gravity  varies  a  little  according  to  the  meai» 
cal  processes  which  it  has  undergone ;  but  it  may  be  stated  00  iki 
average  at  19.257. 
Malleabili-      1260.  Gold  is  so.  malleable  that  it  may  be  extended  intokiVBi 
^*  which  do  not  exceed  jttoth)  of  an  inch  in  thickness.  It  is  abo  vtif 


*  The  •tandard  silver  of  Great  Britain  contitta  of  1 1^  of  pore  ailvar,  sod  U  ^ 
per.  A  pound  troy  therefore  is  composed  of  II  oz.  S  dwts.  pare  ailTtr,  sod  II 4^^ 
of  copper,  and  it  is  coined  into  66  shillings.    B. 

The  standard  silver  of  the  United  States  is  such  that  of  ItKM)  parts  1»y 
are  pare  and  100  alloy  j  the  alloy  being  of  copper.    The  dollar  weifha  41S|  { 
dime41|gTS. 

t  For  an  account  of  the  gold  mines  of  North  Carolina  see  ilmer.  Jmr.  q^  &£!■• 
6.  The  gold  received  at  the  United  States*  mint  from  N.  Carolina,  in  ISM,  wmrntti 
to  148,100  dollars  in  Talne,  and  that  from  all  the  workings  in  United  9mIm  1*417^ 
dolli 


t  Compoted  of  two  measures  hydrochloric  and  one  of  nitric  acid. 
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and  considerably  tenacious ;  for  a  wire  only  tih  of  an  inch  Bm^yii, 

keter  will  sustain  a  weight  of  150  lbs. 

.  It  shows  no  tendency  to  unite  to  oxygen  even  when  exposed  EStct  of 

ction  in  a  state  of  fusion ;  bat  if  an  electric  discbarge  be  ^^^^^^i 

through  a  very  fine  wire  of  gold,  a  purple  powder  is  pro- 

which  has  been  considered  as  an  oxide.    Chlorine  appears  to  Of  chlorine. 

ictive  agent  in  dissolving  gold. 

.  Protoxide  qf  Gold,  Au+0,  Ao,  or  AuO,  199.2  1  eq.  gold  Proiozido. 
eq.  oxy.  =  207.2  equiv«,  is  obuiined  by  the  action  of  a  cold 
I  of  potassa  on  the  protochloride.  It  is  precipiuited  of  a 
olour.  It  undergoes  spontaneous  change  into  metallic  gold 
9xide.  The  purple  oxide  formed  by  the  combustion  of  gold 
3sed  to  be  the  binoxide.* 

.  Teroxide  of  Gold,  Au-f-30,  Au,  or  AuO*,  199.2  1  eq.  gold.  Teroiido. 
I  eq.  oxy.  =  223.2  equiv.,  the  only  well  known  oxide  of  gold, 
prepared  by  the  following  process  : 

fo  1  pert  of  gold  in  the  uiual  way,  rooder  it  qaita  neutral  by  evapora-  Prooeaa. 
rediaaolve  in  12  parts  of  water :  to  the  eolation  add  1  part  or  carbonate 
a  diaaolv^d  in  twice  ita  weight  of  water,  and  digest  at  about  170^.  Car- 
d  gradualljr  escapes,  and  the  hydrated  teroxide  of  a  brownish-red  colour 
After  being  well  washed  it  is  dissolved  in  colourless  nitric  acid  of  sp. 
nd  the  solution  decomposed  bj  admixture  with  water. 

hydrated  teroxide  is  thus  obtained  quite  pure,  and  is  rendered 
9US  by  a  temperature  of  212^  F. 

.  Teroxide  of  gold  is  yellow  in  the  state  of  hydrate,  and  Properties, 
black  when  anhydrous,  is  insoluble  in  water,  and  completely 
osed  by  solar  light  or  a  red  heat.  It  combines  with  alkaline 
uch  as  potassa  and  baryta,  apparently  forming  regular  salts, 
h  it  acts  the  part  of  a  weak  acid.  This  property,  induced  j^q^i^i^ 
r  to  propose  for  it  the  name  of  auric  actd^  its  compounds 
Icalies  being  called  auratesA 

.  When  recently  precipitated  teroxide  of  gold  is  kept  in  Action  of 
iromonia  for  about  a  day,  a  detonating  compound  of  a  deep  Ammonia. 
4our  is  generated.  According  to  the  analysis  of  Dumas,  its 
ts  are  in  the  ratio  of  one  equivalent  of  gold,  two  of  nitrogen, 
vdrogen,  and  three  of  oxygen.  With  regard  to  the  mode  in 
hese  elements  arc  arranged,  different  opinions  may  be  formed. 
irs  most  simple  to  consider  it  as  a  diaurate  of  ammonia,  ex- 
by  the  formula  2(3H+N)+AuO'.     t.  387. 

.  The  compound  known  as  Fulminating  Crold^  is  similar  to  Folmina- 
re,  and  is  obtained  by  digesting  terchloride  of  gold  with  an  *^  ^^* 
)f  ammonia. 

\mn  this  compound  add  a  aolution  of  ammonia  in  water,  or  the  pure  pf^^uM  for. 
monia,  to  the  diluted  chloride ;  a  pieeipitate  will  appear,  which  will  be 
ntd  if  too  much  alkali  be  used.    Let  the  liquor  be  filtered  and  wash  the 

which  remains  on  the  filter  with  several  portions  of  warm  water.    Dry 
oaore  to  the  air,  without  any  artificial  heat,  and  preeerre  it  in  a  wide 

bottle,  in  small  packets  ofpaper,  closed,  not  with  a  glass  stopper,  but 
y  a  cork. 

lall  portion  of  this  powder,  less  than  a  grain  in  weight,  being 


rUc  qf  GoUL   Ao-faO,  or  AttO>,  199.8  1  eq.  gold  -f  16  2  cq.  oxj.  s  8If.8 
fAn.dBCk.diUPk.xw.  «. 

40 
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CUoridot. 


Terchlo- 
ride, 


OapAV.  placed  on  the  point  of  a  knife  and  held  over  a  lamp,  detonates  vich 
lently.  The  precise  temperature  which  is  required  is  not  known, 
hut  it  appears  to  he  about  290^  F.  At  the  moment  of  explosion,  i 
transient  flash  is  observed.  Two  or  three  grains,  exploded  odi 
pretty  strong  sheet  of  copper,  will  force  a  hole  through  it«  Neilhff 
electricity  nor  a  spark  from  the  flint  and  steel  are  sufllcient  to 
sion  its  detonation  ;  but  the  slightest  friction  explodes  it,  and 
accidents  have  happened  from  this  cause. 

1267.  Chlorides  of  Gold.  The  terchloride  is  obtained  in  mby-vrf 
crystals  by  concentrating  the  solution  of  gold.  It  is  soluble  in  ale»- 
hoi  and  ether,  the  latter  removing  it  from  the  aqueous  solution.  Il 
loses  chlorine  at  about  400°  F.,  and  is  changed  into  a  mixtim  rf 
protochloride*  and  terchloride,  soluble  in  water. 

1268.  Terchloride  of  Gold,  Au-fSCl,  or  AuCl',  199.2  1  eq.gdd 
-|-  106.26  3  eq.  chlor.  =  305.46  equiv.,  is  the  usual  and  most  cos* 
venient  form  of  obtaining  a  solution  of  gold.  On  adding  to  the  i^ 
lution  sulphate  of  protoxide  of  iron,  a  brown  precipitate  ensneii 
which  is  gold  in  very  fine  division,  and  the  solution  contains  tensl- 
phate  of  sesquioxide,  and  sesquichloride  of  iron.  The  action  is  wuk 
that 

6  eq.  sulphate  of  protoxide  of  iron  6(Fe4-8) 

and  1  eq.  terchloride  of  gold Aii-|-9C1 

yield  

2eq.  tersulphateofsesquiozideof  iron  2(Fe-|-38) 

1  eq.  seMuichloride  of  iron       ....         SFe-f-3Cl 
and  1  eq.  gold An 

1269.  The  precipitate,  washed  with  dilute  hydrochloric  acid  toi^ 
parate  adhering  iron,  is  gold  in  a  state  of  perfect  purity.  A  doikr 
reduction  is  effected  by  most  of  the  metals.  When  a  piece  of  chu^ 
coal  is  immersed  in  a  solution  of  gold,  and  exposed  to  the  direct  soiir 
rays,  its  surface  acquires  a  coating  of  metallic  gold,  and  ribands  nif 
be  gilded  by  moistening  them  with  a  dilute  solution  of  gold,  ands^ 
posing  them  to  a  current  of  hydrogen  or  phosphuretted  hydffO|« 
gas. 

1270.  When  a  strong  aqueous  solution  of  gold  is  shaken  iat 
phial  with  an  equal  volume  of  pure  ether,  two  fluids  resoltt  Ae 
lighter  of  which  is  an  ethereal  solution  of  gold.  From  this  liqsii 
flakes  of  metal  are  deposited  on  standing,  especially  by  exjiosareli 
light,  and  substances  moistened  with  it  receive  a  coating  of  atldb 
gold.t 

Action  of        1271.  When  protochloride  of  tin  is  added  to  a  dilute  aqueoosi^ 
tin.  lution  of  gold,  a  purple-coloured  precipitate,  called  the  pwrpk  ^ 

Citssius,  is  thrown  down ;  and  the  same  substance  may  be  MMiBs 
by  fusing  together  150  parts  of  silver,  20  of  gold,  and  35.1  si  M 
and  acting  on  the  alloy  with  nitric  acid,  which  dissolves  out  the  i^ 
ver  and  leaves  a  purple  residue,  containing  the  tin  and  gold 
were  employed.  To  prevent  the  oxidation  of  the  tin  during  fu 
the  three  metals  should  be  projected  into  a  red-hot  black-lead 
hie,  which  contains  a  little  melted  borax. 


Pare  gold 
from. 


Ethereal 
•olutioD. 


*  ProtodUoHdeqfGold,  AiH-Cl,  or  AuCl,  199.3  1  eq.  gold  H-  Si.tt  I  iq. 
9S4.S8  equiv. 


t  See  tD  Euay  od  CombastioB  by  Mv  PalhanM,  and  a 
FMi.  TVent.  for  179S. 
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1272.  When  the  powder  of  Gassius  is  fused  with  vitreoas  sub-  8>ct-v"« 
stances,  such  as  flint-glass,  or  a  mixture  of  sand  and  borax,  it  forms  Pnrpleof 
with  them  a  purple  enamel,  which  is  employed  in  giving  pink  co-^'*'^''** 
lours  to  porcelain.     The  essential  cause  of  the  colour  is  probably  a  ^"^^ 
compouud  of  the  purple  or  supposed  binoxide  of  gold  with  earthy 
matters,  similar  to  the  enamel  formed  by  glass  and  oxide  of  silver.* 

1273.  Alloys  of  GoldA    The  alloy  of  gold  and  iron  is  malleable  With  po- 
and  ductile,  and  harder  than  gold,  its  colour  dull  white»  and  its  spe-  2^^""^ 
cific  gravity  16.885.    The  metals  expand  by  union. 

1274.  With  zinc  the  compound  is  brittle  and  brass-coloured.  With  zinc. 
Specific  gravity  16.937.    The  metals  contract  a  little  in  uniting. 

Tne  fumes  of  zinc  in  a  furnace  containing  fused  gold,  make  it 
brittle. 

1275.  Tin  forms  a  whitish  alloy,  brittle  when  thick,  but  flexible  in  With  tin. 
thin  pieces.     Specific  gravity  17.307.     There  is  considerable  con- 
traction.    The  old  chemists  called  tin  diaboliis  metallorunit  from  its 
property  of  rendering  gold  brittle,  but  Bingley's  experiments  quoted 

by  Hatchett,  show  that  ^  of  tin  does  not  render  gold  brittle. 

1276.  The  alloy  of  lead  is  very  brittle  when  that  metal  only  con-  With  lend. 
atitues  ^2^  ^^  ^^^  ^"^Y !  ^^^^  ^^®  fumes  of  lead  destroy  the  duc- 
tility of  gold.     The  sp.  gravity  is  18.080 ;  and  1000  parts  become 

1005. 

1277.  With  copper  (standard  gold)  the  alloy  is  perfectly  ductile  With  eop- 
sod  malleable,  but  harder  than  pure  gold,  and  resists  wear  better  l^* 
than  any  other  alloy  except  that  with  silver.     Its  specific  gravity  is 
17.157.1 

1278.  Arsenic  and  antimony,  when  alloyed  in  very  small  pro- 
portions with  gold,  destroy  its  colour  and  render  it  ((uite  brittle. 

1279.  The  analysis  of  most  of  the  alloys  of  gold  is  performed  by  AMlytij  of 
cupellatioo.     The  triple  alloy  of  gold,  silver,  and  copper,  may  be  ^^'  ^ 
analyzed  by  digesting  it  in  nitric  acid,  which  takes  up  the  silver  and 
copper,  and  leaves  the  gold  in  the  form  of  a  black  powder,  which 

mkj  be  fused  into  a  button  and  weighed.  The  silver  may  be  thrown 
down  in  the  state  of  chloride  by  solution  of  common  salt,  and  the 
copper  precipitated  by  iron. 

*  JbcNrfet  of  Gold  ara  formed  b?  the  action  of  iodide  of  potaaaiom  on  the  terchloride 
•Caold. 

mOotfuie  (if  Qold.    Au+I,  or  Aul,  199.3  1  eq.  gold  +  IS6.3  1  eq.  iod.   s  325.6 


TeriodiUe  qf  Ooid.    Aii+3I,  or  AuP,  199-8  I  eq.  gold  +  378.9  3  eq.  iod.  =s  678.1 

f  A  verr  cariona  aeriea  of  ezperiments  upon  the  allora  of  gold  haa  been  published 
ia  th«  Pka,  Tram,  for  1803,  by  Hatchett.    See  alao  Tnomaon'a  Inorg.  Cfitm.,i  664. 

tfba  aUDdard  gold  of  the  United  Sutes  containa  in  1000  porta  bjr  weight  900  of 

K  metal  and  100  alloy  composed  of  copper  and  ailter,  the  latter  not  exceeding  one 
of  the  whole  alloy.  The  legal  weight  of  the  American  eagle  is  263  gra  The 
I^Ral  aiMMlard  of  the  Britiah  aotereiftn  ia  S3  camts  =916}  thousandths.  Forty 
fmmd»  Troy  are  made  into  1869  sorereigna,  the  weight  of  each  =  133.8744  grs.  TIm 
valnt  af  the  sofareign  in  gold  of  United  Statea,  should  lie  4.866ft.  Numerous  ezaml- 
Mliana  ol  British  gold  at  the  U.  S.  mint  show  that  the  actual  quality  of  the  gold  doea 
■SI  average  more  than  9ia4,  or  the  average  weight  more  than  183.83  grs.  The  exa* 
■JMiion  of  104,960  sovereigns  (the  Smithsonian  legacy)  at  the  mint,  produced  an 

of  4-81-if'ff  per  sovereign. 


*8sa  iohoAcm's  sxpsrlroents  in  Plit  Mag,  mitd  jffaa.  tz.  866. 

-      *-      i^M^  Au4^,arAnairim.Cl«|  frid^  4SS3eq.sBlph.  *M7Jevdv. 
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Ctop.iv.       1280.  The  assay  of  gold  is  more  complicated  than  that  of  lilter, 

Assay.       in  consequence  of  the  high  attraction  which  it  has  for  copper,  aad 

which  prevents  itscomj)lete  separation  by  mere  cupellation.    ADtl" 

loy,  therefore,  of  copper  with  gold,  is  combined  with  a  certain  qou- 

tity  of  silver,  previous  to  cupellation  ,*  this  is  then  cupelled  with  kid 

in  the  usual  way,  and  the  silver  is  afterwards  separated  by  thel^ 

tion  of  nitric  acid.^ 

Water  gild-      1281.  Mercury  and  gold  combine  with  great  ease,  and  prodocei 

^°ff'  white  amalgam  much  used  in  gilding.     For  this  purpose  the  aant 

gam  is  applied  to  the  surface  of  the  silver;  the  mercury  iatim 

driven  off  by  heat,  and  the  gold  remains  adhering  to  the  ailjrer,  aid 

is  burnished.     This  process  is  called  water  gilding. 

1282.  In  gilding  porcelain,  gold  powder  is  generally  empbyti 
obtained  by  the  decomposition  of  the  chloride ;  it  is  applied  wiiki 
pencil,  andf  burnished  after  it  has  been  exposed  to  the  heat  of  tki 
porcelain  furnace. 
Carau.  1283.  The  degree  of  purity  of  gold  is  expressed  by  the  number  of 

parts  of  that  metal,  contained  in  the  24  parts  of  any  mixture.  Thv 
gold,  which  in  24  such  parts  (termed  carats,)  contains  22  of  the  pM 
metal  is  said  to  be  22  carats  fine.  Absolutely  pure  gold,  using  tkt 
same  language,  is  24  carats  fine  ;  and  gold  alloyed  with  aa  cqpl 
weight  of  another  metal,  12  carats  fine.t 

Platinum, 

8ymb,  Pt       Equiv,  98.8 

Q,^  1284  This  valuable  metal  occurs  in  Brazil,  Peru,  and  other  pUB 

of  South  America  in  rounded  or  flattened  grains  mingled  with  wi^ 
ral  other  metals.  In  1826  it  was  discovered  by  Bousingaoh  ill 
sienitic  rock  in  the  province  of  Antioquia,  in  South  America,  ud 
since  then  it  has  been  found  in  larger  quantity  in  the  Uralian  moa- 
tain9.t 
Characters.  1285.  It  is  a  white  metal,  much  resembling  silver,  and  is  the  heav|at 
metal  known ;  after  forging  its  density  being  about  21.25,  and  ia  iki 
state  of  wire  21.5.  It  is  malleable,  and  may  be  drawn  into  win  tkt 
diameter  of  which  does  not  exceed  the  two  thousandth  part  of  ■ 
inch.  It  is  soft,  and  has  the  valuable  property  of  welding.  It  ill 
less  perfect  conductor  of  heat  than  several  other  metals.^ 

1286.  It  is  unaltered  by  the  joint  action  of  heat  and  air;  k« 
bntaod  b°>a11  wires  of  it  are  fused  and  burn  in  the  Voltaic  circuit,  and  hdm 
air.  the  oxyhydrogen  blow-pipe.  No  pure  acids  attack  it.  Its  solwtf 
are  chlorine,  or  solutions  that  supply  chlorine,  as  nitrohydrochknt 
acid, 
g^^  1287.  Spongy  platinum  has  been  discovered  by  Dbbereinertokm 
phtinoiii.      — — — 


each  ounce  into  20  pennyweights.    The  gold  assay  pound  is  subdivided  into  M 
and  each  caret  into  4  assay  grains.    Aiken*s  Did.,  art.  ilstay. 


t  Many  curious  facts  relating  to  the  properties  of  gold,  and  its  uaes  in  tha 
be  found  in  Lewis's  Phil.  Com,  qfthe  ArU, 

t  Edin.  Jour,  qf  ScL,  w.  323. 

§  For  many  importiat  details  rsspecUag  platiaQB,  ita  Wollasioa^  papv  ii  W 
IVms.,  itM,  aad  Brandt's  AfemM/,  ii.  SOB.  ^^ 
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the  remarkable  property  of  causing  the  union  of  oxygen  and  hydro-  9tcu  vii. 
gen  gases  (387) ;  and  Dulong  and  Thenard  have  shown  that  the  same 
effect  takes  place,  though  in  a  lower  degree,  with  platinum  foil  and 
wire.* 

1288.  According  to  Faraday t  the  gases  roust  be  pure  and  the  pla-  ^ujjjjy*" 
iinum  free  from  foreign  matters,  pure  water  excepted,  which  is  ef-  ijoat. 
fected  by  fusing  pure  potassa  on  its  surface,  washing,  then  dipping 

the  platinum  in  hot  oil  of  Yitriol,  and  again  washing  with  pure 
water. 

1289.  In  this  state  platinum  foil  acts  so  rapidly  at  common  tem-  Action  of. 
peratures  on  oxygen  and  hydrogen  gases  mixed  in  the  ratio  of  1  to 

2,  that  it  often  becomes  red-hot  and  kindles  the  mixture.  Handling 
ihe  platinum,  wiping  it  with  a  towel,  or  exposing  it  to  the  atmos- 
phere for  a  few  days,  suffices  to  soil  the  surface  of  the  metal,  and 
thereby  diminish  or  prevent  its  action. 

1290.  These  phenomena  are  supposed  to  result  from  the  concur- 'rh«<>'7  <*f* 
ring  influence  of  two  forces,  the  self-repulsive  energy  of  similar 
gaseous  particles,  and  the  adhesive  attraction  exerted  between  them 

and  the  platinum.  Each  gas,  repulsive  to  itself  and  not  repelled  by 
the  platinum,  comes  into  the  most  intimate  contact  with  that  metal, 
and  both  gases  are  so  condensed  upon  its  surface,  that  they  are 
brought  within  the  sphere  of  their  mutual  attraction  and  combine. 

1291.  Protoxide  of  Platinum,  Pt-fO,  Pt,  or  PtO.  98.8  1  eq.  plat.  Protoxid*. 
+  8  1  eq.  oxy.  =  106.8  equiv.,  is  prepared  by  digesting  protochlo- 

ride  of  platinum  in  a  solution  of  pure  potassa,  avoiding  a  lar^e  ex- 
cess of  the  alkali,  since  it  dissolves  a  portion  of  the  oxide,  and 
thereby  acquires  a  green  colour.  In  this  state  it  is  a  hydrate  which 
loses  first  its  water  and  then  oxygen  when  heated,  and  dissolves 
slowly  in  acids,  yielding  solutions  of  a  brownish-green  tint. 

1292.  Binozide  of  Platinum.  Pt-f  20.  Pt.  or  PtO»,  98.8  1  eq.  Binoxide. 
plat.  -{-  16  2  eq.  oxy.  =  114.8  equiv.  This  oxide  is  prepared  with 
difficulty.  Bcrzclius  recommends  that  it  should  be  prepared  by  ex- 
actly decomposing  sulphate  of  binoxide  of  platinum  with  nitrate  of 
haryla,  and  adding  pure  soda  to  the  filtered  solution,  so  as  to  precipi- 
tate about  half  of  the  oxide  ;  since  otherwise,  a  sub-salt  would  sub- 
side. The  oxide  falls  in  the  form  of  a  bulky  hydrate,  of  a  yellowish- 
brown  colour ;  it  resembles  rust  of  iron  when  dry,  and  is  nearly 
Uack  when  rendered  anhydrous. t 

1293.  Protochloride  of  Platinum,    Pt-f  CI,  or  PtCl,  98.8  1  eq.  ProtocWo- 
plat  +  35.42  1  eq.  chlor.  =  134,22  equiv.     When  the  bichloride  '«*•• 

IS  heated  to  450°,  half  of  its  chlorine  is  expelled,  and  the  protochlo- 
ride of  a  greenish-gray  colour  remains.  It  is  insoluble  in  water, 
salphuric  acid,  and  nitric  acid  ;  but  hydrochloric  acid  partially  dis- 
soires  it,  yielding  a  red  solution.  At  a  red-heat  its  chlorine  is  dri- 
ven off,  and  metallic  platinum  is  left.  It  is  dissolved  by  a  solution 
of  the  bichloride. 


*  Ann.  de  Chim.  el  de  PAy*.,  zziii.  and  zziv.  t  PhiL  7Von«.  1834,  part  i. 

t  St»quioxide  of  Platinum,  2Pt-l-30,  or  Pi*G»,  197.6  2  eq.  plat.  +  24  3  eq  oxy.  =: 
ULC  cqaiT.  This  oxide,  of  a  gray  colour,  is  prepared  aoconling  to  its  diMCOverer,  E. 
Davy,  by  beating  fulminating  platinum  wiih  nitrous  acid ;  but  the  nature  of  the  eom- 
d  ao  ibrmaa  has  not  yat  bean  deeiaivaly  deurmiacd.    PMI.  TVaiu ,  1820. 
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SolatUms 
recognized. 


cmp.  IV.       1294  Bichloride  of  Platinum.    Pi+2C1,  or  PlCl%  9a8  1  tq. 

Bicbbridt.  plat.  -|-  70.84  2  eq.  chlor.  =  169.64  equir.  This  chloride  it  olh 
tained  by  evaporating  the  solution  of  platinam  in  nitro-hydrocUBik 
acid  to  dryness  at  a  very  gentle  heat,  when  it  remains  as  a  red  hj^ 
drate,  which  becomes  brown  when  its  water  is  expelled.  It  is  den- 
quescent,  and  very  soluble  in  water,  alcohol,  and  ether ;  its  solBtasii 
if  free  from  the  chlorides  of  palladium  and  iridium,  being  of  a  pni 
yellow  colour.  Its  ethereal  solution  is  decomposed  by  light«  msld» 
lie  platinum  being  deposited. 

1295.  A  solution  of  platinum  is  recognized  by  the  foUowiog  At 
racters.  When  to  an  alcoholic  or  concentrated  aqueous  solatiMif 
the  bichloride,  a  solution  of  chloride  of  potassium  is  addedi  a  ay» 
talline  double  chloride  of  a  pale  yellow  colour  subsides,  which  ■ 
insoluble  in  alcohol,  and  sparingly  soluble  in  water ;  at  a  red  hmXk 
yields  chlorine  gas,  and  the  residue  consists  of  metallic  platinoaoi 
chloride  of  potassium.  With  a  solution  of  hydrochlorate  of  mamt 
nia  a  similar  yellow  salt  falls,  which  when  ignited  leaves  pars  fb* 
tinum  in  the  lorm  of  a  delicate  spongy  mass,  the  power  of  which  ii 
kindling  an  explosive  mixture  of  oxygen  and  hydrogen  gases  III 
already  been  mentioned*  (1287). 

BiDiodide.  1296.  Biniodide  of  Platinum,  Pt+2I,  or  PtP,  9a8  1  eq.  plaL  + 
252.6  2  eq.  iod.  =  351.4  equiv.,  prepared  by  the  action  of  iodidta 
potassium  on  a  rather  dilute  solution  of  bichloride  of  platinam.  At 
first  the  liquid  acquires  an  orunge-red  and  then  a  claret  coIm^ 
without  any  precipitation ;  but  when  the  solution  is  boiled,  a  hhd 
precipitate  subsides,  which  should  be  washed  with  hot  water  aW 
dried  at  a  heat  not  exceeding  212*^.  This  biniodide  is  a  black  po» 
der,  sometimes  crystalline,  is  tasteless  and  inodorous,  insoIoUe  k 
water,  and  may  be  boiled  in  water  without  change.  By  alcohol  ilii 
sparingly  dissolved,  especially  when  heated.  Acids  act  feebly  oyii 
it ;  but  It  is  decomposed  by  alkalies  ;  and  begins  to  lose  iodins  tf 
270^t 

1297.  Protosulphuret  of  Platinum,  Pi+S,  or  PiS,  90^8  1  e|. 
plat.  -|-  16.1  1  eq.  sulph.  =  114.9  equiv.,  is  formed  by  heating  lis 
am moniacal  chloride  with  half  its  weight  of  sulphur,  until  all  cheal 
ammoniac  and  excess  of  sulphur  are  expelled. 

1298.  Bisulpkuret  of  Platinum,  Pt-|-2S,  or  PtS^  08.S  1  eq.  phi 
-|-  32.2  2  eq.  sulph.  =  131  equiv.,  is  formed  by  dropping  a  solaua 
of  bichloride  of  platinum  into  a  solution  of  sulphuret  of  potassiai^ll 
by  transmitting  hydrosulphuric  acid  gas  into  a  solution  of  the  dodyi 
chloride  of  platinum  and  sodium.     It  should  be  dried  in  vaeno^ 

Folmioa-        1299.  Fulminating  platinum  may  be  prepared  by  the  acticaif 

tiDg.  ammonia  in  slight  excess  on  a  solution  of  sulphate  of  protoxidsif 

platinum.     When  boiled  in  potassa,  washed  and  dried,  it  was  btd 

by  E.  Davy  to  explode  at  about  420°  with  a  very  loud  report)  Ott 

grain  laid  on  a  thin  sheet  of  copper  and  exploded  produces  a  nf^t 


Protosul- 
pharet. 


Bisulpha- 
ret. 


fraliodUflk 


*  Protiodide  of  Platinum,  Pt+I,  or  PtI,  98.8  1  eq.  pUt.  ^  126  3  1  eq.  M. 
fouiv..  prapared  by  dig«ftiiDg  the  protochloridt  of  pfatmum  in  a  rather  atiuag 
of  iodide  of  potaMium,  whea  the  proiiodkie  fradoaUj  appears  in  lbs  Aiv 
powder,  which  it  insoluble  id  water  and  alcohol.    It  is  ancbaiifMl  bf  the  a 
nitric,  and  hydrochloric  acidi,  deoompoccd  by  the  aUtaliea,  and  at  a  nd  tat 
iti  iodine.  fAn,dtCh,Mde  Ph., li.  ilS.  t  AUT.  IViml  tSir. 
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than  that  of  a  pistol,  and  the  copper  is  deeply  indented.    It  is  Btct.  vii. 
\e  of  being  exploded  by  percussion. 

.  Palladium^  Rhoditim,  Osmium^  and  Iridium,    These  metals  A«tociated 
id  associated  in  the  ore  of  platinum,  and  have  been  procured  °'^^^* 
imall  quantity. 

.  Palladium,  Pd,  53.3  eq.,  was  discorered  by  Wollaston  ;  it  P^l«<liani, 
les  platinum  in  colour  and  lustre;  it  is  ductile  and  malleable ; 
rr.  19  11.3  to  118. 

.  In  fusibility  it  is  intermediate  between  sold  and  platinum,  Proptrtiet. 
ilssipated  in  sparks  when  intensely  heated  by  the  oiyhydro« 
w-pipe.     At  a  red  heat  in  oiygen  gas,  its  surface  acquires  a 
le  colour,  owing  to  superficial  oxidation  ;  but  the  increase  of 
is  so  slight  as  not  to  be  appreciated. 

.  Palladium  is  oxidized  and  dissolved  by  nitric  acid,  and  even  Action  of 
)huric  and  hydrochloric  acids  act  upon  it  try  the  aid  of  heat;  ^^'* 
;>roper  solvent  is  nitro-hydrochloric  acid.     Its  protoxide  forms 
il  red*coloured  salts,  from  which  metallic  palladium  is  preci- 
by  sulphate  of  protoxide  of  iron,  and  by  all  the  metals  de- 
in  the  foregoing  sections,  excepting  silver,  gold,  and  pla- 

.  Rhodiumy  R,  52.2  eq.,  was  discovered  by  Wollaston  at  the  Rhodiam 
was  occupied  with  the  discovery  of  palladium.     He  obtained  *»***«»ned, 
9  form  of  a  black  powder,  which  requires  the  strongest  heat 
1  be  produced  in  a  wind  furnace  for  fusion,  and  when  fused 
rhite  colour  and  metallic  lustre. 

.  It  is  brittle,  is  extremely  hard,  and  has  a  specific  gravity  of  Properties, 
1.  It  attracts  oxygen  at  a  red  heat,  a  mixture  of  peroxide 
ttoxide  being  formed.  It  is  not  attacked  by  any  of  the  acids 
a  its  pure  state ,  but  if  alloyed  with  other  metals,  such  as 
or  lead,  it  is  dissolved  by  nitro*hydrochloric  acid,  a  circum- 
irhich  accounts  for  its  presence  in  the  solution  of  crude  pla- 

.  It  is  oxidized  by  being  ignited  either  with  nitre,  or  bisul-  Oxidiied. 
f  potassa.  When  heated  with  the  latter,  sulphurous  acid  gas 
'ed,  and  a  double  sulphate  of  peroxide  of  rhodium  and  potassa 
rated,  which  dissolves  readily  in  hot  water,  and  yields  a  yel- 
Qtion.  The  presence  of  rhodium  in  platinum,  iridium,  and 
I  may  thus  be  detected,  and  by  repeated  fusion  a  perfect  se- 
1  be  accomplished.^    Most  of  its  salts  are  either  red  or 

.  Osmium  and  Iridium^    Os,  99.7  eq.    These  metals  were  Osmimn 

red  bv  Tennant  in  the  year  1803.t  and  the  discovery  of  iridi-  J^/"**'' 

I  made  about  the  same  time  by  Descotils  in  France.     Wol- 

letected  them  as  an  alloy  in  the  black  powder  accompanying 

of  platinum.     Osmium  acquires  a  metallic  lustre  by  friction  ; 

^.  IS  7  to  10.     It  takes  fire  when  heated  in  the  open  air,  and 

ly  oxidized  and  dissolved  by  fuming  nitric  acid. 

u  The  highest  stage  of  oxidation  of  Os.  is  the  volatile  compound  Otmicadd. 

Add,  Os-|-40,  or  OsO',  99.7  1  eq.  osmium  +  32  4  eq.  oxy. 

7  equiv.,  which  is  the  product  of  the  oxidation  of  osmium  by 

*  fitfiiUiis.  iPkO.  9V8M  1804. 
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Salts. 


Q»P*  ^'  acidsi  by  combustion,  or  by  fusion  with  nitre  or  alkalies.  Its  vapour 
is  very  acrid,  exciting  cough,  irritating  the  eyes,  and  producing  i 
copious  flow  of  saliva ;  its  odour  is  disagreeable  and  pungent,  toni^ 
what  like  that  of  chlorine,  hence  the  name  osmium  from  oafn^,  oimr. 
With  infusion  of  gall  nuts  it  gives  a  purple  solution^  which  afi» 
wards  acquires  a  deep  blue  tint,  a  delicate  test  of  the  acid. 

Iridiam.  1309.  Iridium  is  a  brittle  metal,  apt  to  fall  to  powder  when  bumishei 

but  with  care  may  be.  polished  and  then  resembles  platiauro.  Itii 
the  roost  infusible  of  all  metals ;  sp.  gr.  15.8629 ;  equiv.  98l&  k 
forms  with  oxygen  4  oxides,  and  with  chlorine  4  chlorides. 

IdlO.fThese  metals  combine  with  oxygen,  chlorine,  and  snlphvi 
for  an  account  of  the  compounds  the  student  is  referred  to  TnnMrt 
ElemeTUSf  and  Brande's  Manual. 

Ltiaaiom,  1311.  Latanium,  In  submitting  the  cerite  of  Baatnaes  to  exiBh 
nation  Mosander  has  very  recently  obtained  this  new  metal.  hI 
which  was  named  from  its  being,  as  it  were,  hidden  bv  the  ceriift 
It  was  prepared  by  calcining  the  nitrate  of  cerium  mixed  with  Bimk 
of  latanium.  The  oxide  of  cerium  loses  its  solubility  in  weak 
and  the  oxide  of  Utanium,  which  is  a  very  strong  base,  may  be 
rated  by  nitric  acid,  mixed  with  100  parts  of  water. 

Oxide  of,  1312.  The  oxide  is  of  a  brick-red  colour,  owing  to  the  preseBestf 
oxide  of  cerium ;  it  is  converted  by  hot  water  into  a  white  hydnn 
which  restores  the  blue  colour  of  litmus  paper;  it  is  rapidly  iS^ 
solved  by  dilute  acids,  and  when  used  in  excess  is  converted  irii 
a  sub-salt. 

g^^^f  1313.  Its  salts  have  an  astringent  taste,  without  any  miztaie  if 

sweetness ;  and  the  crystals  are  of  a  rose-red  colour.     The 
weight  of  latanium  is  smaller  than  that  of  cerium.* 


CHAPTER  V. 

Section  1.     Salts. 

Application  1314.  The  term  salt  has  been  applied  to  a  very  extensive  raagei' 
ortAe  term  compounds,  where  acids  are  combined  with  oxides,  or  other  coa- 
pounds  having  similar  properties.  The  oxide  or  other  snhitiMi 
united  with  the  acid  is  called  a  base  or  salifiable  base*  Each  idl 
with  few  exceptions,  is  capable  of  uniting  with  every  alkaline  hi^ 
and  frequently  in  two  or  more  proportions. 

1315.  The  class  of  salts  has  been  divided  into  four  orders  (93l|i 
and  many  of  their  characters  have  been  already  described.! 

Order  \st.     Oxysalts. 

1316.  Of  the  common  salts,  a  large  proportion  contain  osyi* 
both  in  the  acid  and  in  the  base,  thus  in  the  phosphate  of  sodiM 
associated  with  phosphorus  in  the  phosphoric  acid,  and  with 
in  the  soda,  and  hence  such  are  termed  oxysalts. 


Ordtn. 


Oxfstltt, 

wbat. 


*  Lond.  and  Edin.  Phil.  Mag,,  May,  1839. 

t  Orabam  hat  been  led  to  tbe  eoocluiion  that  all  stlta  art  nenlrtl  ia 
tioo,  with  tbe  ezoeptioo  of  eenain  claasea.    Se«  Tamer,  40t. 
Um  aalu  into  nine  elaaaea.    See  Cktm.  q/  hiofg.  DmMm,  vvL  it*  m. 
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1317.  Those  salts  which  consist  of  the  same  acid  united  with  dif-    Btz.i. 
ferent  salifiable  bases,  possess  certain  characters  in  common,  and 

may  be  considered  as  constituting  one  family. 

The  combination  of  salts  with  one  another  gives  rise  to  compounds  Doublt 
which  were  formerly  called  triple  salts ;  but  the  term  double  salt,  s^^* 
proposed  by  Berzelius,  gives  a  more  correct  idea  of  their  nature  and 
constitution.  These  salts  may  1^  composed  of  one  acid  and  two 
bases,  of  two  acids  and  one  base,  and  of  two  different  acids  and  two 
different  bases.  Most  of  the  double  salts  hitherto  examined  consist 
of  the  same  acid  and  two  different  bases. 

1318.  All  the  powerful  alkaline  bases,  excepting  ammonia,  are  the 
protoxides  of  an  electro-positive  metai,  such  as  potassium,  barium 
or  iron ;  so  that  if  M  represent  an  eq.  of  any  one  of  those  metals 
M-|-0,  or  MO  is  the  strongest  alkaline  base,  and  often  the  only  one 
which  that  metal  can  form.  A  single  eq.  of  acid  neutralizes  MO, 
forming  with  it  a  neutral  salt.  Thus,  indicating  an  equivalent  of 
■alphuric  and  nitric  acid  by  the  signs  SO*  and  NO*,  all  the  neutral 
aalphates  and  nitrates  of  protoxides  are  indies  ted  by  MO-f-SO*  and 
]I(>4"N0*.  There  ist  therefore,  in  the  neutral  protosalts  of  each  fa-  Remaika- 
mily,  a  constant  ratio  in  the  oxygen  of  the  base  and  acid,  resulting  ble  law. 
from  the  composition  of  each  acid,  that  ratio  for  sulphates  being  as 

1  to  3,  and  for  nitrates  as  1  to  6.  If  the  metal  M  of  a  neutral  sul- 
phate pass  into  a  higher  grade  of  oxidation,  becoming  a  binoxide 
M0\  then  will  that  binoxide  be  disposed  to  unite  with  two  eq.  of 
acid,  and  form  a  bisalt,  M0'-|-2S0',  in  which  the  oxygen  of  the 
bate  and  acid  is  still  as  1  to  3 ;  and  if  the  metal  yield  a  sesquioxide, 
MK)",  then,  if  sufficient  acid  be  supplied,  the  resulting  salt  will  con- 
sist of  M'O'+SSO*.  the  ratio  of  1  to  3  being  preserved.* 

Sulphatei, 

1319.  The  acid  of  the  sulphates  is  readily  detected  by  chloride  of  soipbatet 
barium  (661).  An  insoluble  sulphate  may  be  detected  by  mixing  it,  d«uc  ud 
in  fine  powder,  with  three  times  its  weight  of  carbonate  of  potassa 

or  soda,  and  exposing  the  mixture  to  a  red  heat  for  half  an  heur,  in 
a  platinum  crucible.  Double  decomposition  ensues ;  and  on  digest- 
lag  the  residue  in  water,  filtering  the  solution,  neutralizing  the  free 
alnli  by  pure  hydrochloric,  nitric,  or  acetic  ecid,  and  adding  chlo- 
lide  of  barium,  the  insoluble  sulphate  of  that  base  is  precipitated. 

1320.  Many  sulphates  exist  in  nature,  and  those  of  lime  and  ba-  Natonl, 
lyta  are  the  most  abundant.  They  may  all  be  formed  by  the  action  j^rtiAdal 
of  sulphuric  acid  on  the  metals,  their  oxides  or  their  carbonates,  or 

\ff  double  decomposition.     They  vary  in  solubility  in  water ;  most  Sotability, 

of  tbem  are  decomposed  by  a  white  heat  with  the  escape  of  one  part 

•f  the  sulphuric  acid,  while  the  other  part  is  resolved  into  sulphurous 

scid  and  oxysen.    They  are  decomposed  by  carbonaceous  matp^j^*""!^ 

Hr  with  the  aid  of  heat,  carbonic  acid  oeing  formed  and  a  sulphuret 

sf  the  metal. 

1321.  The  composition  of  neutral  protosulphates  is  expressed  by  Compoti- 
the  formula  MO+SO*;  the  acid  containing  three  times  as  much  ^^^' 

phatM«i« 


*  Thm  eariow  liw  ralmtivo  to  ozj^mUi,  which  is  very  stMral,  wu  tint  noticed  by  prctood. 

"" lius  hu  foond  it  to  hof '  ' 

thor  eoin|iotitioB.  T. 


Qay  LotMC  {Mem.  dPAmuiL  ii.]j,  mod  BorMlius  hu  foaii2l  it  toxoid  in  taitby  miM- 
*^1«,  sad  ooiployod  it  it  •  goidi  u  ttndiing 
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Salphate  of  soda  is  sometimes  decomposed  for  the  parpose    Sea,  i. 
ing  soda,  by  igniting  it  with  chalk  and  charcoaL*     lu  Ums. 
use  is  in  pharmacy  and  in  the  manufacture  of  glass. 
Sulphate  of  LUhia.    LO+SO*.  14.44  1  eq.  base  +  40.1  1  Solphatt  of 
=  54.54  eq.  in  crystals  with  ^  1  eq.  water.     This  salt  is  ^**"'' 
ble  in  water,  fuses  by  heat  more  readily  than  the  sulphates 
ther  alkalies,  and  crystallizes  in  flat  prisms  resembling  sul- 
loda,  but  not  efflorescent.     Taste  salme. 

Sulphate  of  Oxide  of  Anunonium — Sulphate  of  Ammonia,  Of  amnis- 
SO*,  26.15  1  eq.  base  +  40.1  1  eq.  acid  ==  66.25  eq.,  in»^* 
mth  9  or  1  eq.  water  =  75.25.    It  is  obtained  by  neutral- 
ihuric  acid  with  carbonate  of  ammonia ;  or  by  decomposing 
>rate  of  ammonia  by  sulphuric  acid. 

It  is  important  as  a  source  of  the  hydrochlorate  of  ammonia  um. 
obtained  from  a  mixture  of  common  salt  and  sulphate  of 

by  sublimation ;  by  this  process  sulphate  of  soda  is  also 

It  is  contained  in  the  soot  from  coal. 
It  crystallizes  in  long  flattened  six  sided  prisms ;  dissolves  proptrtiet. 
rts  of  water  at  60^,  and  in  an  equal  weight  of  boiling  water. 
n  dry  air  it  effloresces,  losing  1  eq.  of  water.     Sharply 
fuses  and  is  decomposed,  yielding  nitrogen  gas,  water,  and 
of  oxide  of  ammonium. 

Native  Sulphate  of  Ammonia  is  sometimes  found  in  volcanic  Natift. 
;  it  has  been  procured  from  Assures  in  the  earth  near  cer^ 
i  lakes  in  Tuscany,  and  is  known  by  the  name  of  Mascag' 

Sulphate  of  Barytas-heavy  spar.    BaO+SO*,  76.7  1  eq.  Solphit«  of 
10,1  1  eq.  acid  =  116.8  eq.     This  is  an  abundant  natural  ^■'J^ 
insoluble  in  hot  and  cold  water,  and  precipitated  when  sul- 
cid  or  any  soluble  sulphate  is  added  to  any  soluble  salt  of 
51).     So  extremely  delicate  is  baryta  as  a  test  of  sulphuric 
t  it  shows  the  presence  of  1  part  of  sulphate  of  soda  in  2^.^'  ' 
of  water.^ 

Heavy  spar  occurs  associated  with  metallic  ores,  especially  Occun  in 
lead,  massive  and  crystallized.     The  form  of  the  crystals  is  "*•"•• 
being  sometimes  prismatic  and  sometimes  tabular,  deducible 
right  rhombic  prism.     lu  density  is  about  44.     It  is  easily 
y  double  decomposition. 

When  native  sulphate  of  baryta  is  heated  it  decrepitates,  Bologoa 
high  temperature,  fuses  into  an  opaque  white  enamel ;  it  pboapho- 
loyed  in  the  manufacture  of  jasper  ware^  by  Wedgwood. 
Nited  to  redness,  it  acquires  the  property  of  phosphores- 
This  was  first  ascertained  by   Vincenzo  Cascariolo,  of 
whence  the  term  Bologna  phosphorus  is  applied  to  itil 


bU  account  of  the jprocetset  for  doeonqpoainf  this  aalt  aaa  Aikeo'a  Did,  art. 
,  mud  Brande*!  Manualf  i.  426. 

irts  it  ia  obtained  by  treating  aulphate  of  lime  with  the  earbonate  of  ammo* 
d  from  animal  matur  by  dittiUatioo. 

be  name  of  ita  dUcoTerar. 

le  of  baryta  ia  sometimes  very  obatinata  in  sobaiding  from  water,  and  will 
iQff  remain  saepended|  bat  even  pass  thioach  ftltanag  paper  i  heat  aad  a 
aofaoidfmerallyiMilitataiudepQaition.    0. 

para  thia  sabataaoe  the  aatife  salphate,  powdered  aAer  beiBt  ifailed,  ie  to 
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cimp  y.    This  kind  of  phosphorus,  after  being  exposed  for  a  few  minutet  to 

the  sun's  rays,  shines  in  the  dark  sufficiently  to  render  Tisible  tk 

dial  of  a  watch.     This  property  is  lost  by  repeated  nae,  in  coon- 

quence  of  the  oxygenation  of  the  sulphur ;  but  it  may  be  restond  \ff 

a  second  calcination.* 

1339.  As  the  native  sulphate  is  a  common  and  abondast «» 

Methods  of  pound,  several  processes  have  been  contrived  for  obtaining  fimii 

<*J^!^|^pure  baryta. 

nwn  MUTe  This  may  be  effected  by  reducing  the  cryitallized  nilphata  to  a  fine  p0"^ 
■alphate.  and  beatitig  it  red-hot  for  helf  en  hour  in  a  ailTor  cmciblo  with  tkra*  iwlitf 
carbonate  of  potaaaa,  the  fused  mass  is  then  boiled  repeatedly  in  waitft  till  it » 
longer  affords  anything  soluble  in  that  liquid;  the  insoluble  residiM, 
chiefly  of  carbonate  of  baryta,  may  be  digested  in  dilute  nitric  acid,  by 
trate  of  baryta  is  formed,  and  which  will  yield  the  pure  earth  b] 
HenTy*t  The  following  method  has  been  recommended  by  Henry. 


bonate  of  potassa,  and  boiled  with  a  proper  quantity  of  water  for  a 
time,  in  an  iron  kettle,  stirring  it,  and  breaking  down  the  hard  lumMt  into^ 
it  is  apt  to  run,  by  an  iron  pestle.  It  is  then  to  be  washed  with  boiliif  ^^m, 
as  long  as  this  acquires  any  taste.  On  the  addition  of  dibiU  hydrochlonD  aoiit 
Tiolent  effervescence  will  ensue,  and  a  considerable  portion  ofth*  earth,  pnki% 
along  with  some  metals,  will  be  dissolved.  To  the  saturated  aolution,  wMj^kr 
tion  of  pure  baryta  in  water,  as  long  as  it  disturbs  the  transparency  of  tbeByw- 
This  will  throw  down  any  metals  that  may  be  present ;  and  the  eaeai  of  ■?* 
may  afterwards  be  precipitated  in  the  state  of  a  carbonate  bj  a  aneem  of  cahm 
acid.  Decompose  the  hydrochloric  solution  by  any  alkaline  carbonf  j  Wlifc« 
precipitated  earth  be  well  washed  with  distilled  water ;  and  if  the  pure  baynii 
to  be  obtained  from  it,  let  it  be  treated  as  directed  page  238. 
Another.  Another  method  consists  in  exposing  to  a  red  heat,  in  an  eartheB  craeUM 
mixture  of  six  parts  of  finely  powaered  sulphate  of  baryta,  with  one  of  pomiwrf 
charcoal,  for  half  an  hour.  This  converts  the  sulphate  into  fuilphuret  wlU  ii 
to  be  dissolved  in  hot  water,  the  solution  filtered  and  mixed  with  aolutioB  of^ 
bonate  of  soda  as  long  as  it  occasions  a  precipitate,  which  when  w«M  9i 
dried,  is  carbonate  of  baryta.  Or,  by  adding  hydrochloric  acid  to  the  I>ff^^ 
phuret,  sulphur  is  thrown  down,  hydrosulphuric  acid  m  evolved,  ana  fcj^ 
chlorate  of  baryta  formed,  which  may  be  filtered  off*,  and  if  reouired^dcooafSi' 
by  carbonate  of  potassa.  Or  the  sufphuret.  as  it  comes  out  or  the  craeibia,  ■* 
be  thrown  into  aUut§  nitric  add,  by  whicn  hydrosulphuric  acid  | 
and  a  nitrate  of  baryta  formed,  which  may  be  separated  from  the 
purities  by  copious  washings  with  hot  water. 

^^  •f  1340.  Sulphate  of  Strontia.  SrO+SO*,  61.8  1  ea.  base  +  «! 
1  eq.  acid  «=  91.9equiv.  This  salt  occurs  native,  it  is  neariri^ 
soluble,  1  part  requiring  for  solution  4000  parts  of  cold,  and  3810^ 
hot  water.  Heated  with  charcoal,  its  acid  is  decomposed  and  i^ 
phuret  of  strontium  is  formed,  which  afibrds  nitrate  of  stnmiiitf 
the  action  of  nitric  acid.  This  process,  equally  practicable  upsa  flr 
phate  of  baryta  (884),  is  adopted  to  obtain  strontia. 

Native.  1341.  Native  Sulphate  of  Strontia  is  sometimes  of  a  blue  tiei^  ^ai 

has  hence  been  called  cdestine.  Sometimes  it  is  colouiesi  wi 
transparent.    It  occurs  of  great  beauty  in  Sicily  associated  wilki^ 

be  formed  into  a  paste  with  mucilage  of  gum  arabic,  and  divided  into  ^falsi  * 

Eieces  of  one  foarth  of  ao  inch  in  thickness.  These^  after  being  dried  in  aaiiiiV 
eat,  are  to  be  exposed  to  the  temnerature  of  a  wind  furnace,  placed  in  the  ante  rfii 
charcoal.  When  the  fuel  is  halt  consumed,  it  must  be  replenished,  and  aiAnia 
burn  out.  The  pieces  wiU  be  found,  retaining  their  original  shapes,  amang  ihs  ail» 
from  which  they  may  be  separated  br  the  blast  of  a  pair  of  befiowa^  TlcTMali 
preserved  in  a  weU-stopped  phial.    U.  i.  Sd4. 

*  The  artificial  sulphate  of  baryta  is  used  as  a  pigment,  vnder  tht  nana  i 
nod  white.    It  is  Teiy  useful  (or  markiBg  phials  ana  jaia  m  the  labomsiy. 
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phur,  Id  anhvdroas  prismatic  crystals.    Magnificent  crystals  have    gtcui. 
been  met  with  on  Strontian  Island  in  Lake  Erie.* 

1342.  Sulphate  of  Lime.      CaO+SO*.  28.6  1  eq.  base  +  40.1  Sqlphmte  of 
1  eq.  acid  =  68.6  eq. ;  as  gypmm  with  18  or  2  eq.  of  waier  =  86.6.  li^^i 
This  salt  is  easily  formed  by  mixing  in  solution  a  salt  of  lime  with 

aoy  soluble  sulphate  (61,  exp.  2).    It  occurs  abundantly  as  a  natural 

{iroduction.     The  mineral  called  anhydrite  is  anhydrous  sulphate  of  Anhydrite, 
line,  and  all  the  varieties  of  gypntm  are  composed  of  the  same  salt  Gyptom. 
united  with  water.     The  pure  crystallized  specimens  are  called  sele- 
niie^  and  the  white  compact  variety  is  known  as  alabaster.  Alabaster, 

1343.  The  crystals  of  anhydrite  belong  to  the  right  prismatic  sys*  Cryiiallino 
tern,  and  are  isomorphous  with  the  sulphates  of  baryta  and  strontia,  ^<'™'>  ^^ 
while  the  forms  of  gypsum  are  oblique  prismatic.    They  contain  2 

eq.  water,  one  only  of  which  is  considered  by  Graham  to  be  water  of 
eryatallization,  the  other  being  constitutional.  The  former  is  readily 
lost  by  exposing  pounded  gypsum  to  a  temperature  of  212°  in  vacuo, 
and  the  whole  wster  is  expelled  by  a  temperature  below  300**.  Thus 
dried,  it  constitutes  the  well  known  plaster  of  Paris,  which,  when  mixed  piuter  of 
with  a  proper  proportion  of  water,  rapidly  becomes  dry  and  solid,  P^ris. 
owing  to  the  reproduction  of  gypsum.t 

1344.  Nearly  all  spring  and  river  waters  contain  this  salt,  and  in  Cooiaioed 

those  waters  which  are  termed  hard  it  is  abundant.     It  gives  them  a  *°  ^^^*'' 

slightly  nauseous  taste. 

Pour  a  quantity  of  hard  water  into  two  glaaaos,  aolution  of  baryta  dropped  into  £xp. 
le  will  oetect  the  sulphuric  acid,  and  a  aolution  of  oxalic  acid  (iropped  into  the 


otlMT,  will  deteet  the  lime. 

•   1345.  Sulphate  of  lime  has  hardly  any  taste.     It  is  more  soluble  Solnbility. 
than  sulphate  of  baryta  or  strontia,  requiring  for  solution  about  500 
parts  of  cold,  and  450  of  boiling  water. 

r^l346.    Sulphate  of  Magnesia— Epum   Salt.     MgO+SO'IIO,  Epsom 
20.7  1  eq.  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  69.8 ;  in  crys-  »**». 
tals  with  54  6  eq.  water  =  123.8  eq.    This  salt  is  usually  obtained  How  ob- 
from  sea-water,  the  residue  of  which,  after  the  separation  of  common  tained. 
salty  is  known  by  the  name  of  bittern,  and  contains  sulphate  and  hy- 
drochlorate  of  magnesia ;  the  latter  is  decomposed  by  sulphuric  acid  ; 
a  portion  of  the  hydrochlorate  often  remains  in  the  sulphate  and  renders 
it  deliquescent :  it  is  also  occasionally  obtained  from  saline  springs  ; 
and  sometimes  by  the  action  of  sulphuric  acid  on  magnesian  lime- 
stone.    It  was  procured  from  the  springs  of  Epsom,  in  England, 
and  hence  called  Epsom  salt.    It  has  been  found  native,  constituting 
the  bitter  salt  and  hair  salt  of  mineralogists:  it  not  unfrequently  oc- 
curs as  a  fine  capillary  incrustation  upon  the  damp  walls  of  cellars 
and  new  buildings. t 

*  KaeoTefed  by  Delafield,  see  Amer,  Jour.  it.  879. 

t  Ii  is  leinarkable  that  gypsum  which  has  lost  only  1  eq.  water,  as  well  as  that 
which  is  dried  by  a  heat  exceedioa  270®  will  not  act  in  a  similar  manner.  In  ihe  lat- 
Itr  CASS  tbepowder  is  a  psrfect  anhydrite.  (Phil.  Mag.  li.  417.)  Raw  gypsum,  ac- 
esfdmc  to  Einmet,  finely  paWerizea,  is  capable  of  undergoing  immediate  and  perfect 
sslidiflcatioa  when  miied  with  certain  solotioos  of  potassa.    See  Amtr.  Jour,  xxiii. 


t  The  sulphate  of  magnesia  of  commerce  is  occasionally  adulterated  with  small 
oysials  of  snlphsu  of  soda;  the  Irand  is  dstccted  by  the  inierior  weight  of  the  preci- 
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ctmp.y.       1347.  Sulphate  of  magnesia  may  be  made  by  neutnduEing  dilim 
Taste  and   sulphuric  acid  wiih  carbonate  of  magnesia.     It  has  a  aaline,  billflr, 
eryttallioe  and  nauseous  taste,  and  crystallizes  in  small  qoadrangalar  ^mmt, 
which  effloresce  slightly  in  a  dry  air.     It  is  obtained  also  in  kigw 
crystals,  the  principal  form  of  which  is  a  right  rhombic  prism. 
Solubility.       1348.  The  crystals  are  soluble  in  an  equal  weight  of  water  at  if, 
and  in  three  fourths  their  weight  of  boiling  water.     They  nnfafi 
the  watery  fusion,  and  the  anhydrous  salt  is  deprircd  of  a  portiosrf 
its  acid  at  a  white  heaL    Dried  at  212°  it  retains  2  eq.  of  water,  tat 
one  of  these  is  expelled  at  270°,  while  the  other  is  retained  till  de 
temperature  rises  to  460°.* 
S^afSSka      ^^^^'  Sulphate  of  Alumina.    AlW+SO*,  61.4  1  eq.  faeas  + 
'  40.1  1  eq.  acid  =  91.5;  in  crystals  with  81  9  eq.  water  =  1?^ 
Tersulphate.    Al'0'+3S<y,  61.4  acid  +  120.3  3  eq.  base  =: 
171.7  eq. ;  in  crystals  with  162  18  eq.  water  =  33317  eq. 
Tend-  The  tersulphate  is  prepared  by  saturating  dilute  sulphuric  wot 

phate.        ygifiiY^  hydrated  aluminai  and  evaporating.    It  cr3rstallize8  in  thiaio* 
ible  plates  of  a  pearly  lustre,  containing  18  eq.  of  water  and  soMh 
in  twice  their  weight  of  water. 
Hvdrated        1360.  The  hydrated  disulphate  is  known  to  mineralogists  nsitf 
■iilphate.     jhg  name  of  aluminiteA 

Sulphates  1361.  Sulphate  of  Protozide  of  Iran,  FeO+SO'HO,  36 1  is 
of  iron,  base  +  40.1  1  eq.  acid  +  9  aq.  1  eq.  =  86.  1 ;  in  crystals  wiA  tf 
6  eq.  water  =  130.1.  Sulphuric  acid  with  the  protoxide  of  im 
forms  sulphate  of  the  protoxide,  green  vitrud,  or  eoppenuA  llV 
Copperas,  prepared  in  large  quantities  for  commercial  purposes,  by  exposing tir 
native  protosulp buret  of  iron  to  air  and  moisture,  the  iron  oeingeo^ 
verted  into  an  oxide,  and  the  sulphur  into  sulphuric  acid  bjatnart* 
ing  oxygen. 

Process.  O"  ^^^  small  scale  it  may  be  prepared  by  mixing  C  parts  of  iron  with  lOsf  i 

and  60  of  water,  evaponiting  the  solution  m  a  class  or  earthen  vcwel^  ate  Ai 
effervescence  has  ceased,  and  continuing  the  heat,  till  a  rod  dipped  inliilP^ 
sents  appearances  of  crystallization,  when  taken  oat  and  held  in  the  air.  ui 
solution  may  then  be  filtered,  and  green  crystals  of  the  sulphate  will  be  §Mmd 
as  it  cools. 

Properties.  1352.  This  salt  has  a  strong  styptic  taste.  When  pure  it  diaf 
not  change  vegetable  blue  colours,  though  generally  stated  tods  si 
the  reddening  effect  being  only  produced  when  some  of  the  ini 


pitate,  occasioned  by  adding  carbonate  of  potassa ;  100  parts  of  pure 
phate  of  magnesia  furnishing  a  precipitate  of  about  40  parts  of  diy  caiboMie.   E , 
Much  of  the  sulphate  found  m  the  shops  contains  some  hydrochlorete  ofi  ' — ^ 

renders  it  deliquescent,  and  consequently,  it  reaoires  to  be  preeerrad  i 

▼ered  jars.    It  is  often  adulterate  with  Glauber's  salt,  which  is  made  to 

^p%  fl       s  *       '  *^   a.*ii  s  **         a  AS  A     ai*  v^  ■ 


Epsom  salt,  by  stirring  it  briskly,  when  it  is  about  to  crystallize.    Il  may  be  dilrtM 


by  precipitating  the  magnesia  by  pure  ammonia,  aiding  br  heet  i, ^ . 

rating  the  filtered  fluid  to  dryness  by  a  heat  suflkient  to  Tolatiliae  the  aelphaurf^ 
monia ;  if  it  contains  Glauber*s  salt  the  soda  will  remain  fixed.  Or  it  may  bt  dgig" 
by  no  preciuitation  ensuing,  on  addin?  carbonate  of  potassa  to  the  eeletiOB.  B^ 
chlorate  of  lime  is  detected  tiy  the  oxalic  add.    Thomson's  Lond,  Diap.  4l0r. 

*  On  the  manufacture  of  this  salt  from  mageesite  see  Asser.  Jbvr.  if,U,9^ 
xiv.  10. 

t  Sulphate  qf  Protox,  Mcmgmae.    MnO+SO*HO,  36.7  1  eq.  beat  +  4Sl1  1^ 
acid  -I-  9  aq.  1  eq.  ss  84.8  eq. 

t  Native  Oreen  VUriol  is  frequently  fonnd  anodated  vitk  inNi  ypitm,  I 
dooed  by  its  deoompotitioa ;  it  occora  m  some  ooel  miiies. 
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passes  into  a  higher  state  of  oxidatioD.    This  is  prevented  by  a  few    B9cli. 
drops  of  sulphuric  acid  in  excess,  and  the  resulting  crystals  have  a 
distinctly  blue  colour.     The  common  green  tint  is  a  delicate  test  of 
thepresence  of  sesquioxide  of  iron.* 

The  crystals  belong  to  the  oblique  prismatic  system,  and  contain  6  Cryiulline 
eq.  of  water,  one  of  which  is  retained,  according  to  Graham,  till  the  ^*^™' 
temperature  rises  to  535°.     By  operating  carefully  it  may  be  ren* 
dered  anhydrous  without  the  loss  of  acid.     It  is  soluble  in  two  parts 
of  cold,  and  in  three  fourths  its  weight  of  boiling  water.     This  salt 
ia  employed  in  the  manufacture  of  fuming  sulphuric  acid  (540). 

1353k  When  heated  it  fuses,  and  at  a  high  temperature  evolves  a  pTectof 
mixture  of  sulphurous  and  sulphuric  acids,  and  the  oxide  remaining      ^' 
was  formerly  called  caput  mortuum  vitrioli,  or  colcathar,  Colcothir. 

1354.  Tersulpkate  of  the  Sesquioxide,  Fe'C^+dSCP,  80  1  eq.  base  Tertal- 
-^  120.3  3  cq.  acid  =  200.3  eq.,  is  formed  by  mixing  a  solution  of  P^'^^* 

the  protosulphate  with  half  as  much  S  as  that  salt  contains,  and 
adding  to  the  mixture  in  a  boiling  state  successive  portions  of  nitric 

acid  until  N  fumes  cease  to  appear.    The  solution  is  then  evaporated 

to  dryness  to  expel  the  excess  of  N,  and  the  tersulphate  remains 
as  a  white  salt. 

1355.  It  dissolves  in  water,  after  being  strongly  heated ;  and  at  a  Solubflity, 
Ted  heat  gives  out  all  its  acid,  sesquioxide  of  iron  remaining.     Its  &<:. 
■elation  in  water  is  ycUow.t 

1356.  Sulphate  of  Protoxide  of  Zinc— White    Vitriol,   ZnO   -|- Sulphate  of 
S0%0,  40.3  1  eq.  base  +  40.1  1  eq.  acid  -j-  9aq.  1  en.  =  89  4;  "oc. 

IB  crystals  with  54  6  cq.  water  =  143.4.  This  salt  is  the  residue 
of  the  process  for  obtaining  hydrogen  gas,  (378. )t  It  is  also  made 
for  the  purposes  of  commerce,  by  roasting  native  sulphuret  of  zinc. 

1357.  Its  crystalline  form  is  a  flattened   four  sided  prism  of  the  Cryttalline 
right  prismatic  system,  and  isomorphous  with   Epsom  salt.     The  form,  mIq. 
crystals  dissolve  in  2i  parts  of  cold,  and  are  still  more  soluble  in^*'"y»*'«* 
boiling  water.     Its  taste  is  strongly  styptic.     It  reddens  vegetable 

blue  colours,  though  a  neutral  salt. 

1358.  This  salt  is  almost  always  contaminated  with  iron,  and  impantet 
often  with  copper  and  lead.  Hence  the  yellow  spots  which  are  vis-  removed. 
ibie  on  it ;  and  hence  also  the  reason  why  its  solution  in  water  lets 

UI  a  dirty  brown  sediment.  It  may  be  purified  by  dissolving  it  in 
vaier,  and  putting  into  the  solution  a  quantity  of  zinc  filings ;  ta- 
king care  to  agitate  occasionally.  The  zinc  precipitates  the  foreign 
metals  and  takes  their  place.     The  solution  is  then  to  be  filtered 

^Boatdorffin  Pogg.  Ann,,  zxxi.  81. 

t  Tht  duulphaU  of  the  tes^uioxide  falls  u  a  hydrate  of  an  ochreoas  coloar,  when  a 
^lelifNi  of  the  protoaalphate  la  kept  in  an  open  Teasel. 

t  Hvdnjsen  gas  holding  zinc  in  solution,  may  be  obtained  by  a  process  of  Vauqoe-  Rydrodacic 
A  mixture  of  the  ore  of  zinc,  (birnde,  or  calamine)  with  charcoal,  is  to  be  put  !■•. 
A  porotlain  tube,  which  is  to  be  placed  horizontally  in  a  furnace,  and  when  red- 
tbe  rapour  of  water  is  to  be  driren  orer  it.  The  gas  produced  is  a  miiturc  of 
oaic  aad,  caiburetted  hydrogen,  and  a  solution  of  zinc  in  hydrogen  gas,  which 
been  called  hydrozincic  gat.  The  zinc  is  deposited  on  the  surface  of  the  water, 
r  which  this  gas  is  kept ;  but  if  bnmed  when  recently  prepared,  tht  gas  exhibits, 
of  this  impregnatioo,  a  diatiactly  bine  flame. 
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Chap.  ▼■    and  the  sulphate  of  zinc  may  be  obtained  from  it  in  crystals  bj 
proper  evaporation.* 

1359.  In  the  dose  of  a  scruple  or  a  drachm,  sulphate  of  zinc  is  sm 
of  the  most  immediate  emetics  we  possess ;  and  it  is  to  be  infemd, 
that  if  larger  doses  are  rejected,  as  is  the  fact,  with  equal  rapiditr, 
they  will  in  general  cause  no  more  harm  than  the  mediciDai  dose.  Ii 
some  instances,  however,  persons  have  suffered  severely  from  ofc^ 
doses  of  this  salt,  and  a  few  have  even  perished.  It  has  also  bses 
said  to  have  proved  fatal  when  applied  externally. t 

SalpKaui  of     1360.  Sulphate  of  Protoxide  ofNickd,  NiO+SO»HO.  37 M  hm 

'^^'  1  eq.  +  40.1  acid  1  eq.  +  ^aq.  =  86.6,  like  most  of  the  sahi  of 
nickel  this  of  a  green  colour,  and  cr^uiUizes  from  its  solatioa  is 
pure  water  in  right  rhombic  prisms,  similsr  to  the  sulphates  of  bbc 
and  magnesia.  If  an  excess  of  acid  is  present  the  crystals  sie 
square  prisms,  containing  less  water  and  more  acid  than  themes 
ding.t     Soluble  in  about  three  times  its  weight  of  water  at  6(r. 

Sulphate  of     1361.  Sulphate  of  Protoxide  of  Cobalt,  CoO+SO'HO,  37i  1 

^"'^^       eq.  base  +  40.1  1  eq.  acid  +  9  aq.  I  eq.  =  86.6,  is  obtaioed  by  £- 

••• 

gesting  protoxide  of  cobalt  in  dilute  S,  evaporation  and  cnrstalllB- 
tion.  The  crystals  are  red,  and  isomorphous  with  FeO-|-SO*H0.t 
Sulphate  of  1362.  Sulphates  of  the  Oxides  of  Copper.^Blue  VitrM,  CaOf 
<»ppw-  80*110,  39.6  1  eq.  base  +  40.1  1  eq.  acid  +9aq.  1  eq.  =-:  SaTsq. 
in  crystals  with  36  4  eq.  water  =  124.7.  The  sulphate  of  dM 
black  or  protoxide  of  copper  is  made  by  roasting  the  native  solpks- 

ret,  or  by  dissolving  the  protoxide  in  dilute  S  and  cryslalliaiaf  tf 
evaporation.  It  forms  crystals  of  a  blue  colour,  which  contain  6  9^ 
of  water,  4  of  which  are  lost  at  212^  in  dry  air,  but  the  fifth  is  »■ 
tained  till  the  temperature  exceeds  430°.  It  is  then  a  white  jpowdcr, 
combining  readily  with  water  with  development  of  heat.  It  isi 
morphous  with  ldnO-|-SO»HO. 

Prooeu.  1363.  In  the  large  way  the  the  copper  i«  oxidized  by  igniting  it  ia  aa 

the  scale  of  oxide  is  then  beaten  off*  and  the  copper  is  heated  again  till  tbs  whsb 
is  thus  oxidized ;  the  scales  heated  in  the  acid  will  partially  diMolva  wiAM 
decomposing  the  latter.{| 

Diratphate,      1364.  When  pure  potassa  is  added  to  a  solution  of  this  salt,ias 

quantity  insufficient  for  separating  the  whole  of  the  acid,  the  dW 

phate,  of  a  pale  bluish  green  colour,  is  thrown  down. 

Salphateof     1365.  By  adding  cautiously,  a  solution  of  ammonia  to  the  i^ 

protox.       phate,  until  the  subsalt  thrown  down  is  nearly  all  dissolved,  ndpkifi 

^^l]^^g^    of  protoxide  of  copper  and  ammonia  is  generated.     The  solotioaii 

a  rich  blue  from  which  crystals  are  deposited  by  the  addition  sf  il* 

cohol.    It  may  be  formed  also  by  triturating  carbonate  of  amflNsii 

*  Thomson's  Imrg,  Qtem.  ii,  610. 

t  ChristisoQ  oo  Pouont,  375.    For  method  of  deteetiDg  in  '^'^atiwitt  of  thi  tfs^ 
seeibui,  374. 
t  Ann,  Phiht.  xxii.  439. 

%  Brooke  in  Ann,  Phiiot.  N&  ri.  ISO.    They  are  inidoUe  ia  alcohol,  te 

in  about  24  parts  of  cold  water. 

II  The  composition  of  these  scales  is  rariable,  they  are  often  a  pari 

when  treated  with  hot  S  become  peroiide  of  copper,  which  diaoolfos  aad  iM^j^ 
Tided  metallic  eopper  subsides.  Their  texture  is  crystaliiM  and  th^  rsidilr  H^^ 
io  aminooia,  and  fiTe,  in  dose  veesels,  •  coloorless  toIutioB.    (  BafM.) 


I 
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with  crystals  of  sulphate  of  copper;  carbonic  acid  is  disengaged  and     Stu  i. 
ihe  mass  becomes  moist,  the  water  of  the  blue  vitriol  being  liberated. 
This  is  the  cuprum  ammoniatum  of  the  U.  S.  Phar,  and  contains 

S,  Cu+0  and  NH'?     It  loses  NH'  by  exposure  to  the  air. 

1366.  Sulphates  of  the  Oxides  of  Mercury,     Sulphate  of  the  Pro-  Sulphates 
toxide  HgO+SO'  210  I  eq.  base  +  40.1   1  eq.  acid  =  250.1  eq.,  is  of  Mercury, 
oblained   when  two  parts  of  mercury  are  gently   heated  in  three 

parts  of  strong  S,  so  as  to  cause  eflfervesence  (530)  ■ 

1367.  If  a  strong  heat  is  employed  so  as  to  excite  brisk  cfTerves-  Effect  of 
cence,  and  the  mixture  is  brought  to  dryness,  a  bisulphate  of  the  pe^^^^' 
roxide  results,  both  being  anhydrous.* 

This  salt  is  employed   in    making  corrosive   sublimate   (1217).  Turp«t[» 
When  thrown  into  hot  water,  it  is  decomposed,  and   a  yellow  sub-  ""*•'•'• 
salt,  formerly  called  Turpeth  mineral,^  subsides,  according  to  Phil- 
lips it  consists  of  3  eq.  of  acid  and  4  eq.  of  peroxide. 

1368.  Sulphate  of  Chide  of  Silver.     AgO-|-SO^  116  1  eq.  base  Sulph«t«  of 
-f-  40.1   1   eq.  acid  =  156.1  eq.     This  salt  is  deposited  when  sul-**^*'' 
phatc  of  soda  is  mixed  with  nitrate  of  silver.     It  is  also  formed  by 
iwiling  silver  with  its  weight  of  sulphuric  acid. 

1369.  It  is  white  and  easily  fusible,  requiring  about  SO  times  its  Properties, 
weight  of  hot  water  for  solution,  and  the  greater  part  is  deposited  in 

small  needles  on  cooling.! 

1370.  A  compound  acid,  which  may  be  called  nilro-suiphuric, 

consisting  of  one  part  of  nitre  dissolved  in  about  ten  of  S,  dissolves 
•liver  at  a  temperature  below  200^,  and  the  solution  admits  of  mode- 
rate dilution  before  sulphate  of  silver  separates  from  it.  This  acid 
scarcely  acts  upon  copper,  lead,  or  iron,  unless  diluted  with  water ; 
it  is,  therefore*  useful  in  separating  the  silver  from  old  plated  arti- 
cles :  the  precious  metal  may  afterwards  be  separated  either  in  the 
form  of  chloride,  by  adding  common  salt ;  or  by  diluting  the  acid  and 
continuing  the  immersion  of  the  pieces  of  copper  which  have  lost 
their  silvering,  and  which  will  now  dissolve  in  the  diluted  acid  and 
occasion  the  precipitation  of  metallic  silver.^ 

1371.  Sulphate  of  oxide  of  silver  forms  with  ammonia  a  double  Action  of 
sallt  which  crystallizes  in  rectangular  prisms,  the  solid  angles  and  ^iad^<»^- 
lateral  edges  being  replaced  by  tangent  planes.     It  consists  of  1  eq. 
A^»  1  acid,  and  2  NH' ;  it  is  formed  by  dissolving  AgO-f-SO*  in  a 

hot  concentrated  solution  of  ammonia,  from  which,  on  cooling,  the 
crystals  are  deposited.  It  is  isomorphous  with  the  double  chromate 
and  seleniate  of  oxide  of  silver  and  ammonia. 


*  Ddootbo  in  Ann.  PhUos.  xiv.        t  Hydrarg.  sulphas  (Utus  of  the  U.  S.  Pharm, 

t  Upon  the  large  scale  small  portions  of  gold  may  he  ect>noinically  separated  from  KeooMBurtJ 

nrihudofv 

large  quanlilies  of  silver,  by  heating  the  finely  granulated  alhiy  in  S;  the  gold  remains  r«iiaffc"M. 
in  the  lurm  or  a  hiack  powder,  and  the  sulphate  of  siker  may  he  decomposed  hj  the 
action  of  metallic  copper;  the  silrer  is  precipitated  in  a  pulrerulent  state,  and,  with  a 
Utile  borax  or  other  titrifiahle  flux,  is  fused,  and  cast  mto  ingots ;  the  sulphate  of 
copper  is  easily  olitained  m  the  crystallized  state  by  evaporating  the  residuary  liquor. 
B.  11.  1"7.  %  Keir  in  PhU.  Trana.  Ixzx. 

11  Milscherlich  in  ilnn.  de  Onm.  ct  dc  Phi/t.,  xxiviii.  C3. 
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c^P-^-  Double  Sulphates, 

1372.  Sulphate  of  Soda  and  Lime,     NaO,  SC+CaO.  S0»,  71.4 

1  eq.  sulph.  sod.  +  69.6  1  eq.  sulp.  lime  =  140  eq.     This  salt,  it- 
Gla  beritc  scribed  by  mineralogists  under  the  name  of  Glauberite^  is  foaodia 
'  the  salt  mines  of  New  Castile.     It  may  be  made  by  fusing  together 
its  constituents  in  the  ratio  of  their  equivalents.* 

1373.  Sulphate  of  Potassa  and  Alumina — Alum.  KO,  80*+ 
Alum,  ^pQ8  3gQ3^  07  25  1  eq.  sulph.  potassa  +  171.7  1  eq.  tersulph.  tin. 
^^  =  258.95  eq. ;  do.  with  216  or  24  eq.  water  =  474.95.  Cotobmb 
Process  <>'>  ^^^^^  [^  prepared  by  roasting  and  lixiviating  certain  clays  containing 

iron  pyrites;  to  the  leys  a  proper  quantity  of  sulphate  of  potaMtis 
added,  and  the  salt  is  obtained  by  crystallization.  In  Italy  it  is  mide 
ixom  alum  stone  which  occurs  at  Tolfa  near  Ronne.  It  occult  m 
volcanic  countries,  being  probably  formed  by  the  action  of  salphi- 
rous  acid  vapours  on  felspathic  rocks.t 

PiopertMs,       1374.  Alum  has  a  sweetish  taste.     It  is  soluble  in  five  parti  of 
water  at  60°,  and  a  little  more  than  its  own  weight  of  boiling  waisr.! 

Crystalline      1375.  Alum  crystallizes  readily  in  octohedrons  or  in  seginentisf 

form,  octohedrons.     When  the  crystals  are  heated,  they  froth  up,  putiif 

with  their  water  and  forming  anhydrous  alum,  alumen  exnceahm  of 
the  U.  S.  Pharmacop. 

1376.  When  alum   is  ignited  with  charcoal,  a  spontaneously  it* 
flammable  compound  results,  which  has  long  been  known  uuderihe 

Pyrop  o-     jjjjjjjg  Qf  Romberg's  Pyrophorus. 

Process,  It  i^  made  by  mixing  equal  weights  of  alum  and  brown  sugar,  and  sUniag  Ai 

mass  over  the  fire  in  an  iron  ladle  till  quite  dry.  It  is  then  reduced  to  povte 
and  introduced  into  a  phial  coated  with  clay  in  a  crucible  filled  with  sandi  IW 
whole  is  heated  to  redness,  and  when  a  blue  flame  appeara  at  the  neck  of  Ai 
phial,  allow  it  to  burn  about  five  minutes,  then  remove  it  from  the  fire ;  sloplki 
pliial  with  a  piece  of  soA  clay,  and  when  cool  sulMtitute  a  good  cork,  to  milifc 
the  air. 

Hare  recommends  the  following  method,  which  aflfordsa  pyrophonis  thatnnK 

Hares,  ^^^^^^  Take  3  parts  of  lampblack,  4  of  calcined  alum,  and  8  of  pc«rlaiha> 
mix  them  thoroughly,  and  heat  them  in  an  iron  tube  to  a  bright  chenr  nd  fa 
one  hour.  On  removal  from  the  fire  the  tube  should  be  carefully  atoppM-  Hhtf 
well  prepared  and  poured  out  upon  a  glass  plate,  and  especially  ^trbeo  fanitM 
upon,  the  pyrophorus  kindles  with  a  series  of  small  explosions.  This  prrapft^ 
rus  should  be  removed  from  the  tube  with  great  eautioo,  as  it  has  been  6ui  V 
explode  violently  oo  the  introduction  of  a  rod  for  the  purpose  of  looeenhig  iL| 

Theory  of       1377.  From  some  experiments  by  Gay-Lussac,  it   appeantbtf 
Its  combus- i[ie  essential  ingredient  of  Homberg*s  pyrophorus  is  sulphonc  of 

*  Sulphate  of  Potaasa  and  Magnetia^  KO,  SOH-MgO,  SO>,  37.26  I  eq.  sal|lh.  p«- 
+  60.8  1  eq.  sulph.  magnes.  =  148.05  eq.^  is  formed  on  mixing  solatioos  of  ifcsl* 
salts  j  the  crystals  belong  to  the  ohlique  pnsmatic  system. 

Suiph.  Ox.  Amman,  and  Magna.  H4NO,  SOH-MgO,  S0>,  66.ffi  I  eq.  stipk.*- 
ammon.  +  60.8  1  eq.  sulph.  mag.  =  127.05  eq. }  do,  with  64  or  6  eq.  of  wMfs 
JSl.06.  ^ 

t  Larce  quantities  are  manufactured  in  the  United  States  from  the  purcrdmLB 
that  of  Martha's  Vineyard. 

(The  variable  solubility  of  alum  as  stated  by  different  chemists,  may  haifHi* 
from  the  want  of  care  in  selecting  specimens  /or  trial.  Hayes  ioforms  me  tirt  ■• 
have  several  varieties  of  alum  in  commerce,  which  vary  in  solubility ;  he  iidi  Art 
the  pure  potash  alum  is  not  more  soluble  than  has  been  suted  by  Uie.  (i  ia  (f  nV 
at  60*»).    W.  J  » 

§  I  usually  prefer  a  small  cast  iron  bottle,  or  retort.    W. 
II  Silhmaa  in  Amer.  Jaur.  of  Sci.^  x.  367. 
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potassium  in  s  state  of  minute  division.  The  charcoal  and  alumina  s^t.  i. 
act  only  by  being  mechanicnlly  interposed  between  its  particles;  but 
when  the  mass  once  kindles,  the  charcoal  takes  fire  and  continues 
the  combustion.  He  finds  that  an  excellent  pyrophorus  is  made  by 
mixing  27  parts  of  sulphate  of  potassa  with  15  parts  of  calcined  lamp- 
black, and  heating  the  mixture  to  redness  in  a  common  Hessian  cru- 
cible, of  course  excluding  the  air  at  the  same  time.* 

1378.  Alum  is  of  extensive  use  in  the  arts,  more  especially  in  u,^ 
dyeing  and  calico-printing*  in  consequence  of  the  attraction  which 
alumina  has  for  colouring  matter. 

1379.  Alum,  having  the  same  form,  composition,  appearance,  and  Other al- 
taate  as  the  salt  just  described,  may  be  made  with  ammonia^t  the  ^"^*- 
sulphate  of  which  replaces  sulphate  of  potassa.     It  is  met  with  occa- 

^      siooally  as  a  natural  product,  and  may  be  prepared  by  evaporating  a 
solution  of  sulphate  of  ammonia  with  tcrsulphatc  of  alumina. 

A  soda  alum  may  also  be  prepared,  similar  in  form  and  composi- 
tioQ  to  the  preceding  alums,  except  that  it  contains  iwentysix  equi- 

r      Talents  of  water.l     This  salt  is  disposed  to  effloresce  in  the  air.^ 

1380.  Iro?i  Alum,     By  mixing  sulphate  of  potassa  with   tersul-  Iron  alum. 
phate  of  sesquioxide  of  iron,  and  crystallizing  by  spontaneous  evapo- 

-    ration,  crystals  are  obtained  similar  to  common  alum,  in  form,  colour, 

taste,  and  composition.     This  salt  has  often  a  pink  tint,  but  is  some- 

f^    times  quite  colourless.     A  similar  double  salt,  quite  colourless,  may 

—  be  made  with  ammonia  instead  of  potassa.     In  both  these  alums  the 
alumina  is  ^^imply  replaced  by  an  equivalent  quantity  of  oxide  of 

=r   iron. 

1381.  Chrome  Alums.     The  tersulphate  of  sesquioxide  of  chromi- Chrome  al- 
^    urn  forms  with  the  sulphates  of  potassa  and  ammonia  double  salts 

which  are  exactly  similar  in  form  and  composition  to  the  preceding 
rarielies  of  alum.  They  appear  black  by  rcllectcd,  but  ruby-red  by 
transmitted  lii^ht. 

1382.  Mangaiiesc  Alum,     Mitsoherlich  obtained  this  salt  by  mix-  Manganese 
^  iog  a  solution  of  tersulphate  of  sesquioxide  of  manganese  with  sul-  **"™* 

ys.   phate  of  potassa,  and  evaporating  to  the  consistence  of  syrup  by  a 

-  very  gentle  heat  || 

\         13S3.  The  salts  to  which  the  term  alum  is  applied,  are  character-  Character- 
^    iied  by  two  common  properties  ;  they  all  crystallize  in  the  octohedral  JJ^'JtiS^f 
^    irstein,  and  they  are  all  constituted  as  represented  by  the  formula  alum. 
Z    JcOSO"+R^O^SO*-|-24Aq.  ;    where  RO  represents  an  eq.  of  po- 
tassa, or  oxide  of  ammonium,  and  R'O^*  any  one  of  the  isomorphous 
•asquioxides  of  aluminium,  iron,  manganese,  and  chromium.     As 
f%marked  by  Berzelius,  the  formula  and  crystalline  form  serve  to 
determine  the  genus  alum,  and  the  oxidized  bases  its  spccies.lf    t  and 

L.  6*7. 

•  Alt'  de  Ch.  et  dc  Ph.,  xxxvii.  4t6. 

t  H*NO,  Sa*+AlO*,  3SO*,  66.25  I  eq.  sulph.  ox.  ammon.  +  171.7  1  eq.  tcrsulpb. 
^«mina  =  337.95  eq. ;  do.  with  216  or  21  eq-  water  =  453.95. 

Z  BcneliuK- 

1  NaO,  SOH  Al'K)'  3803,  71.4  i  eq  sulph.  soda  -f  1717  1  eq.  tcrsulph.  alumina  = 
*U.t,  eq. ',  do.  with  234  or  26  eq.  water  =  477. 1. 

M  KO.  S(H4-MnO,  SO^,  67.25  1  eq.  hulph.  potassa  +  75. S  1  eq.  sulph.  protox.  many. 
^  i«3.06  eq.  *,  do  with  54  or  6  eq.  water  ^  217.05. 

^  For  Sulphaiea  of  Protoxide  qf  Iron  and  Alumina  and  remarks  od  Anhjfdrmu 
^kmiphaUi  wUh  Ammonia,  see  Turner  and  Liebig's  Chem,,  667. 
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Effect  of 
heat 


Nitrates. 


Chap.  V.  Sulphites. 

Sulphites.  1  1384.  The  salts  of  sulphurous  acid  have  not  hitherto  been  i» 
nutely  examined.  The  sulphites  of  potassa,  soda,  and  aminooii. 
made  by  neutralizing  those  alkalies  with  sulphurous  acid,  are  solu- 
ble in  water,  but  most  of  the  other  sulphites  are  of  sparing  solobiH* 
ty.     The  sulphites  of  baryta,  strontia,  and  lime  are  very  insolaUe. 

The  stronger  acids  decompose  all  the  sulphites  with  efierrescenor, 
owing  to  the  escape  of  sulphurous  acid,  which  may  easily  be  recog* 
nised  by  its  odour.  Nitric  acid,  by  yielding  oxygen,  converts  tke 
sulphites  into  sulphates. 

1385.  When  the  sulphites  of  the  fixed  alkalies  and  alkaline  eaitb 
are  strongly  heated  in  close  vessels,  a  sulphate  is  generated,  andt 
portion  of  sulphur  sublimed.  In  open  vessels  at  a  high  tempeit- 
ture  they  absorb  oxygen,  and  are  converted  into  sulphates  ;  and  • 
similar  change  takes  place  even  in  the  cold,  especially  when  llwy 
are  in  solution. 

The  hyposulphates  and  hyposulphites  are  of  little  practical  impiv- 
tance.* 

Nitrates. 

13S6.  The  nitrates  may  be  prepared  by  the  action  of  nitric  acid 
on  metals,  on  the  salifiabfc  bases  themselves,  or  on  carbonates.  As 
nitric  acid  forms  soluble  salts  with  all  alkaline  bases,  the  acid  of 
the  nitrates  cannot  be  precipitated  by  any  reagent.  They  are  readi- 
ly distinguished  from  other  salts,  however,  by  the  characters  alreadr 
described.     (4S4.) 

1387.  All  the  nitrates  are  decomposed  without  exception  by  • 
high  temperature;  but  the  changes  which  ensue  are  modified  by  tbe 
nature  of  the  oxide.  Nitrate  of  oxide  of  palladium  is  decomposed 
at  a  moderate  temperature.  Nitrate  of  protoxide  of  lead  requires  a 
red  heat,  by  which  it  is  resolved  into  oxygen  and  nitrous  acid.  In 
some  instances  the  changes  are  more  complicated. 

1388.  As  the  nitrates  arc  easily  decomposed  by  heat  alone,  ibej 
must  necessarily  suffer  decomposition  by  the  united  agency  of  hetl 
and  combustible  matter.  The  nitrates  on  this  account  are  muclb 
employed  as  oxidizing  agents,  and  frequeatly  act  with  greater  eSear 
cy  even  than  nitro-hydrochloric  acid. 

The  efBcieiicy  of  nitre,  which  is  the  nitrate  usually  employed  Ar 
the  purpose,  depends  not  only  on  the  affinity  of  the  combustiUe  fo 
oxygen,  but  likewise  on  that  of  the  oxidized  body  for  potassa.  The 
process  for  oxidizing  substances  by  means  of  nitre  is  called  dejlap^ 
tion,  and  is  generally  performed  by  mixing  the  inflammable  hoij 
with  an  equal  weight  of  the  nitrate,  and  projecting  the  mixture  ii 
small  portions  at  a  time  into  a  red-hot  crucible. 

All  the  neutral  nitrates  of  the  fixed  alkalies  and  alkaliit 
earths,  together  with  most  of  the  neutral  nitrates  of  the  comoMi 
metals,  are  composed  of  one  equivalent  of  nitric  acid,  and  one  equiv- 
alent of  a  protoxide.  Consequently,  the  oxy^ren  of  the  oxide  ui 
acid  in  all  such  salts  must  be  in  the  ratio  of  1  to  5,  the  general  fot 
mula  being  MO+NO». 


Effector 
heat,  &c. 


Oxidize. 


Deflagra- 
tion. 


*  For  their  characters  tee  T.  Ac  L.  Elem.  307.  and  Heeren  in  Ann.  de 
Pk^y  zl.  so. 
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The  only  nitrates  found  native  are  those  of  potassa,  soda,  lime,    »•«*•'' 
asd  magnesia. 

1389.  NUraie  of  PolasMOr^Nitre,  KO-f  NO*,  47.16  1  eq.  ba8e+  Nitrate  of 
54.15  1  eq.  acid  =101.3  eq.     This  salt  is  an  abundant  natural  pro*potaMt. 
duct,  and  is  principally  brought  to  this  country  from  the  East  Indies, 
where  it  is  produced  by  lixiviatioo  of  certain  soils.* 

The  rough  nitre  is  in  broken  crystals,  of  a  brown  colour,  and  more 
or  less  deliquescent :  exclusive  of  other  impurities,  it  often  contains 
a  Tery  considerable  proportion  of  common  salt,  which  reacting  upon 
the  oitre,  induces  the  production  of  nitrate  of  soda  and  chloride  of 
potassium. 

1390.  In  Grermany  and  France  it  is  artificially  produced  in  what  Artificial 
are  termed  nitre-beds.t     Thenard  has  described  the  French  process  production 
at  length.  ^^""'•* 

it  consitta  in  lixiviating  old  plaster  n]bbi»h,t  which  when  rich  in  nitre,  aflbrda 
■bout  five  per  cent.  Refuse  animal  and  vegi'tablo  matter  which  has  putrefied 
in  contact  with  calcareous  soils  produces  nitrate  of  lime,  which  affords  nitre  by 
BUture  with  subcarbonate  of  potassa.  In  the  same  way  it  is  abundantly  pro* 
duced  in  some  parts  of  Spain.  Exudations  containing  saltpetre  arc  not  uncom- 
mon upon  new  walls,  where  it  appears  to  arise  from  the  aecompositiun  of  ani- 
Mai  matter  contained  in  the  mortar.  It  was  long  ago  shown  by  Glauber,  that  a 
▼suit  plastered  over  with  a  mixtare  of  lime,  wcmd-ashes,  and  cows'  dung,  soon 
becomes  covered  with  ofRorescent  nitre,  and  that  after  some  months,  the  mate- 
riab  yield,  on  lixiviation,  a  considerable  proportion  of  that  bait. 

1391.  Nitre  crystallizes  in  six-sided  prisms,  it  dissolves  in  7  parts  properties. 
of  water  at  60°  and  in  its  own  weight  at  212°.     Its  laste  is  cooling 

and  peculiar.  It  contains  no  water  of  crystallization,  but  its  crys- 
tals are  never  quite  free  from  water  lodged  mechanically  within 
them. 

1392.  When  exposed  to  a  white  heat,  nitre  is  decomposed    into  Effect  of 
oxygen,  (365)  nitrogen,  and  dry  potassa.  By  diytilling  it  in  an  earth-  ^^^^ 
en  retort,  or    in  a   gun-barrel,  oxygen  gas   may    be   obtained   in 
great  abundance,  one  pound  of  nitre   yielding  about   12,000  cubic 
inches,  of  sufHcient  purity  for  common  experiments,  but  not  for  pur- 
poses of  accuracy.    It  fuses  at  a  heat  below  redness,  and  congeals 

OD  cooling  into  cakes  called  sal  prunellt. 

If  the  temperature  of  nitre  be  so  far  increased  as  to  allow  a  por- 
tion of  oxygen  to  escape,  the  remaining  salt,  as  Schcele  first  observed, 
lemains  neutral,  and  in  this  state  it  has  been  considered  as  forming 
a  nUritt  ofpotana, 

1393.  It  is    decomposed  by  charcoal  at  a  red  heat,  and   if  excess  Decompo- 

sed hy 
of  charcoal  be  used  the  results  are  C,  C,  N  and  KO-f-CO.     It  is  charcoal. 

%Iso  decomposed  by  sulphur  with  different  results,  according  to  the 

temperature  and  proportions  employed. 

Tbiamay  b«  ahown  by  mixinc  two  parta  of  powdered  nitre  with  one  of  p,p^ 
powdered  charcoal,  and  setting  are  to  tne  mixture  in  an  iron   vessel   under  a 
«liiaiiMy.§ 

■  In  Kentucky  and  other  parts  of  the  U.  S.  the  caverns  in  limestone  aflTord  ahun- 
lat  supplies  of  nitrate  oi  lime  from  which  nitre  is  obtained.  The  potassa  is  ob- 
'  sed  from  wood  ashes.    In  sonic  places  1  hushcl  of  the  earth  yields  from  8  to  10 

.  of  the  salt.     Amer.  Jour,  1. 321. 

t  TraiU  de  Chim.  Elem.  ii.  61 1 . 

♦  Tbe  greater  part  of  the  uitre  made  in  Fnukce  is  thus  obtained. 

f  TIm  residuum  it  known  at  white  Jlux, 
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Chap  V. 
Exp. 


Exp. 


Combus- 
tion with 
phospho- 
rus, OLc. 


Fulmina- 
ting pow- 
der. 


Use  of 
nitre  in 
chemistry, 


In  the  arts. 


Mix  powdered  nitro  and  sulphur,  and  throw  the  mixture,  by  a  littlo  at  •  tii 
'  into  a  red-hot  crucible.    The  salpbur  will  unite  with  the  oxygen  of  the  nii4k 
acid,  and  form  sulphuric  acid ;  which,  coinbining  with  the  potaata,  will  ifilS 
sulphate  of  potassa.    The  production  of  tho  latter  salt  will  be  prored  by  ^miJ^ 
ing  the  mass  remaining  in  the  crucible,  aiid  crystallizing,  when   a  saU  will  bt 
obtained  oxhibitins  the  characters  of  tho  sulphate. 

Mix  a  portion  of  sulphur  with  one  sixth  or  one  eighth  its  weight  of  iiitrait  of 
potassa ;  put  the  mixture  into  a  tin  cup ;  and  raise  it,  by  a  small  stand,  ■  ftv 
inches  above  the  surface  of  water,  contained  in  a  flat  shallow  dish.  Set  finn 
the  mixture,  and  cover  it  with  a  bell-shaped  receiver.  In  thia  case,  also,  solnbi- 
lie  acid  will  be  formed;  but  it  will  not  combine,  as  before,  with  the  alkaU  oitht 
nitre,  which  alkali  is  present  in  sufficient  Quantity  to  absorb  only  a  part  of  ikc 
acid  produced.  Tho  greater  part  of  the  acia  will  be  condensed  on  the  inner  av- 
ikce  of  the  ^lass  bell,  and  by  the  water,  which  will  thus  become  intensely  Mtf. 
The  operation  may  be  re]>eated  three  or  fbf ir  times,  using  the  same  portioa  tf 
water.  When  tho  water  is  partly  expelled,  by  evaporation  in  a  glass  dish,  eoa- 
centrated  sulphuric  acid  remains.     H.  1.  520. 

When  phosphorus  is  thrown  upon  nitre,  and  inflamed,  a  vind 
combusiiun  ensues,  and  a  phosphate  of  potassa  is  formed.  Sulphnr 
sprinkled  upon  hot  nitre  burns,  and  produces  a  mixture  of  sulphile 
and  sulphite  of  potassa.  This  salt  used  formerly  to  be  employed  ii 
medicine,  under  tho  name  of  Glaser's  polychrest  salt.  Most  nf  tbe 
metals,  when  in  filings  or  powder,  detonate  and  burn  when  tbrowB 
on  red-hot  nitre ;  some  of  the  more  inflammable  metals  produce  n 
this  way  a  considerable  explosion. 

1394.  A  mixture  of  three  parts  of  nitre,  two  of  dry  subcarbontie 
of  potassa,  and  one  of  sulphur,  forms  fulminating  povxder.^  If  t 
little  of  this  compound  be  heated  upon  a  metallic  plate,  it  blackem, 
fuses,  and  explodes  with  much  violence,  in  consequence  of  the  npil 
action  of  the  sulphur  upon  the  nitre. 

1395.  Nitre  is  employed  in  chemistry  as  an  oxidizing  agent,  ii4 
in  the  formation  of  nitric  acid  (471).  It  is  employed  in  tbe  East 
Indies  for  the  preparation  of  cooling  mixtures  ;  an  ounce  of  nitiv 
dissolved  in  five  ounces  of  water  reduces  its  temperature  \S*,  It  is 
highly  antiseptic  and  much  used  in  the  preservation  of  aniintl  sa^ 
stances. 

1396.  Its  chief  use  in  the  arts  is  in  making  gunpowder,  whici 
consists  of  a  very  intimate  mixture  of  nitre,  sulphur,  and  charcoaLt 


*  Or  nitre  2  mirts,  nenlml  carbonate  of  potassa  2,  sulphar  1,  and  sea-ialt  6,  aD  ii 
fine  powder.    Ferussac's  BuU^in,  1828. 

compodtion  of  f  The  pfopoftioDs  Vary.  For  a  description  tff  the  manufacture,  &c,  see  Uia^  DidL 
Arts  and  Mcmuf.  p.  620,  from  which  the  following  table  of  composition  of  '"  ' 
gunpowders  is  taken. 


funpovd^n. 


Royal  Mills,  Wallham  Abbey, 
France,  national  establishment, 
French,  for  sportsmen,     - 

"         "   mining, 
U.  S.  of  America,    - 
Prussia,       -        -        -        - 

Russia, 

Austria  (mnsqnel), 
Spain,      -        -        -        -        - 
Sweden,      -       -        -        - 
Swiuerland  (a  round  powdnr), 
Chinese^     .       -       -       - 
Theoretical  proportions,  •• 


Mere. 

Chares*  1. 

fc*^ 

76 

1     16 

10 

76 

12.6 

12^ 

78 

12 

10 

65 

15 

90 

76 

12.5 

12J 

76 

;     13.6 

114 

73.7S 

,     13.69 

12^ 

72 

'     17 

16 

76.47 

10.78 

I2.7f 

76 

13 

9 

76 

14 

10 

76 

14.4 

•-• 

75 

IS.2S 

UJ9 
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1397.  OuDpowder  explodes  at  600**  P.    The  violence  of  the  ex*     Secu  i. 
f|wion  depending  apon  the  sudden  production  of  gaseous  matter  Prodacu  of 


lotion 


Malting  from   the  action  of  the  combustibles   upon   the  nitre.^  cxpl<^>< 

C,  C,  N,  and  S  are  the  principal  gaseous  results.  der. 

1398.  Gunpowder  may  be  inflamed  by  a  violent  blow  ;  if  mixed  Inflamed 
with  powdered  glass,  or  any  other  harder  substance,  and  struck  with  ^7  Unction, 
a  heavy  hammer  upon  an  anvil,  it  almost  always  explodes. 

1399.  Nitrate  of  Soda.    NaO+NO*,  31.3  1  eq.  base  +  54.15  1  Nitrate  of 
eq.   acid  =  85.45  eq.     This  salt,  the   cubic  nitre  of  old  writers,  •*^"' 

is  analogous  in  chemical  properties  to  the  preceding.  It  crystallizes 
in  oblique  rhombic  prisms ;  but  more  commonly  in  the  form  of  an 
obtuse  rhombohedron.  It  occurs  in  the  soil  of  India,  and  covers 
large  districts  in  Peru. 

1400.  Mixed  with  charcoal  and  sulphur  it  burns,  but  more  slowly 
than  nitre.     It  may  be  advantageously  used  in  the  manufacture  of 

•  • 

both  S  and  N. 

1401.  Nitrate  of  Oxide  of  Ammonium.     H*NO-fNO',    26. 1 5.  Of  ammo. 
base  +  54.15  acid  =  80.3  eq.     This  salt  may  be  procured  by  the  ■**■' 
direct  union  of  ammonia  with  nitric  acid  ;  or  more  easily  by  satu- 

•  •   • 

rating  dilute  N  with  carbonate  of  ammonia,  and  evaporating  the  so- 
lution. The  state  of  the  salt  varies  with  the  temperature  at  which 
the  evaporation  is  carried  on.t  At  100°  it  is  obtained  in  prismatic 
crystals  isomorphous  with  nitre ;  at  212°  it  b  fibrous,  at  300°  it 
forms  a  compact  mass  on  cooling.  The  fibrous  and  compact  varie- 
ties still  contain  \vater,  the  former  8.2  per  cent.,  and  the  latter  5.7. 
All  the  varieties  deliquesce  and  are  very  soluble. 

1402.  It  is  the  source  of  N  (446).     When  heated  to  600  it  ex*  Um. 

■  •  ■  •         ■ 

plodes,t  being  resolved  into  water,  N,  N,  and  N.  The  fibrous  vari- 
ety yields  the  largest  quantity  of  N ;  from  one  pound  of  the  salt 
nearly  three  cubic  feet  of  gas  mav  be  obtained. 

1403^  Nitrate  of  Baryta.     BaO+NO*,  76.7  1  eq.  base  -j-  54.15  Nitrate  of 
1   eq.   acid   =    130.85  eq.     It  may  be  obtained  by  dissolving  car-  *»n^t»- 

•  •  • 

bonate  of  baryta   in   N,  evaporating  to  dryness,  redissolving  and 
crystallizing ;  it  forms  transparent  anhydrous  octohedrons,  and  is  apt 


fortjtre  naed  for  firing  artillery  \%  iiui«ie  of  thre«  parts  of  nitre,  two  of  lalphor, 
one  of  snopowder,  well  mixed  and  rammeii  in  cases. 

'  i^hU  are  generally  comprised  oi  n.irc  and  sulphur,  with  a  small  quantity  of  gj-n^n^hu. 
imc  sulphuret,  as  that  of  arsenic  nr  antimony.    Mix  600  grains  of  nitre  with 
of  aolphar  and  100  of  the  yellow  suiphuret  of  arsenic ;  put  the  mixture  into  a  cone 
«a  paver,  and  tovwh  it  (out  of  doors  or  under  a  large  chimney),  with  a  red-hot  iron ',  it 
^riu  MB  lapidiy  with  a  brilliant  white  light. 

iliv  too  or  300  grains  of  sulphuret  of  antimony  with  the  same  proportions  of  nitre 
'  OTJpbar  \  it  will  huro  with  a  tirid  light  having  a  bluish  tinse.    For  other  oompo- 
Bsed  in  pyrotechny,  see  lire's  Diet,  and  Cray's  Opcr.  Ckem.  496. 


*  TIm  Tolnme  of  gases  produced  from  gunpowder  is  at  60®,  250  times,  and  at  the  mo- 
^MBtof  discharge  1000  times jgreater  than  that  of  the  powder;*  as  each  additional  ^HS^!^*^' 
wmL  of  ^  exerts  a  force  equalto  that  of  the  atmosphere,  lOOOx  16=15.000  lbs.  oo  a 

nue  inch,  which  will  protect  a  bullet  with  a  force  of  2000  feet  in  a  second.  (Murrey.) 

Ill  estimates  it  theoreucally  at  upwards  of  2000  times  Diet  637. 

1  Da?y*s  Reteanhet. 

SHnoa  it  was  formerly  calked  niirum  Jkammaru. 

•  RebWdS*  JEtMy  •»  Oumatrf,  and  NicholMn't  J*mr.  It.  3S8. 
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SalU—Mtraiei. 


Nitrate  of 
itroniia. 


Nitrate  of 
lime. 


Nitrate  of 
copper. 


Gimp.  V.  to  decrepitate  by  heat  unless  previously  reduced  to  powder.  It  re- 
quires 12  parts  of  water  at  60^  and  3  or  4  of  boiling  water  for  loli- 
tion.     It  is  used  as  a  reagent,"*^  and  for  preparing  pure  baryta.t 

1404.  Nitrate  of  Strontia.     SrO+NO",  51.8  I  eq.  base  +  SlU 

I  eq.  acid  =  105.95  cq. ;  in  prisms  with  45  or  5  eq.  water  = 
150.95  eq.  This  salt  may  be  made  from  the  sulphate  or  carbooate 
of  strontia  in  the  same  manner  as  the  preceding.  It  crystallLm  io 
anhydrous  octohedons  ;  it  sometimes  contains  30  per  cent,  of  water 
of  crystallization  and  then  assumes  the  form  of  the  oblique  prisnulic 
systcm.t 

1405.  Nitrate  of  Lime.  CaO+NO',  28.5  1  eq.  base  +  &LM  I 
eq.  acid  =  82.65  cq.  Nitrate  of  lime  is  a  deliquescent  salt,  tolub« 
in  4  parts  of  water  at  60^.  It  is  found  in  old  plaster  and  monar, 
from  the  washings  of  which,  nitre  is  procured  by  the  nddiiioo  of 
carbonate  of  poiussa  (1381).  When  moderately  heated  it  fuses,  aad 
on  cooling  concretes  into  a  semitransparent  mass  known  as  Bdi- 
win*s  phosphorus.^ 

1406.  Nitrate  of  Protoxide  of  Copper,     CuO-hNO*  39.6  1  eq. 

.v. 

base  +  54.15  acid  =  93.75  eq.,  is  obtained  by  the  action  of  Xoc 
copper  (455).  It  crystallizes  in  prisms  of  a  deep  blue  colour,  solub^ 
in  water  and  alcohol,  and  deliquescent.  By  exposure  to  a  keatot 
400^,  a  green  insoluble  subsalt  is  obtained. II 

1407.  When  this  salt  is  heated  to  redness,  it  yields  pur?  oxide  oc 
copper.     It  is  sometimes  used  as  an  escharotic     It  is  decomposed  hf 

tin  with  the  evolution  of  heat  and  N. 

Spread  a  drachm  or  two  of  the  salt  io  coarse  powder  on  a  piece  of  Un-lbil,B> 
veral  inches  (iquarc,  moiflten  it  with  a  fow  dropt  of  water,  fold  it  Dp  qpncUf . 
and  lay  it  upon  a  plate ;  much  heat  will  be  eToWed  and  the  meul  cmn  Mkii 

fire.ir 

140S.  Nitrates  of  the  Oxides  of  Mercury — Nitrate  of  the  F^ 
toxide,  HgO-fNO*,  210  base  1  eq.  +  54.15  1  eq.  acid  =  864.1*. 
in  crystals  with  18  or  2  eq.  water  =  282.15  eq. 

•  •  • 

*  Ifa  moderately  strong  solution  of  this  salt  he  added  to  N,  a  precipitmiioaoftf** 
of  baryta  takes  pface,  in  consequence  of  the  insolubility  of  the  nitrmtein  thticrf- 

•  •• 

hence  in  using  nitrate  of  baryta  as  a  test  of  S,  the  latter  shoald  lie  coDudenbly  dUi^ 
previous  to  its  application.     B. 

t  This  salt  is  cmDloyed  in  pyrotechny  to  impart  a  green  colour  to  flmme.  Tk^*** 
Jlre  is  composed  or  13  parts  sulphur,  77  nitrate  of  baryta,  chlorate  ofpntmil.— ^ 
2,  and  charcoal  3.  The  nitrate  should  be  well  dried,  powdered,  ananiicd  viA  ^ 
other  insredicnts,  the  powdered  chlorate  being  addeo  ailer wards,  and  anrf**'' 
caution,'on  a  sheet  of  paper,  and  with  an  ivory  or  wooden  spatala. 

tTbis  salt  is  used  in  the  red  Jire  employed  at  the  theatres,  which  cobmh" 
parts  dry  nitrate  of  strontia,  13  sulphur,  6  chlorate  of  potaisa,  and  4  snlplMiilif^ 
mony.    'The  chlorate  and  sulphuret  should  be  separately  powdered,  wai^Mti^kf 
per  with  the  other  ingredients ;  a  very  imall  quantity  of  powdered  chaicoal  a^s* 
he  added. 

§  Birch's  Hi»t  of  Hoy.  Soc,,  iii.  328. 

II  The  neutral  salt  contains  3  eq.  of  constitutional  water,  and  mar  be 
the  formula  CuO  NO'  3tI0 ;  the  subsalt  is  supposed  to  be  similarly  on 
a  nitrate  of  water  with  3  eq.  of  constitutional  oxide  of  copper,  aad  roar  bs 
by  the  formula  UO  N05  3CuO.     T.  673. 

ir  Nitrate  of  Protoxide  nf  Ltad    PbO+NO,  1 11 . 6  I  eq.  base  +  M-  ■<  >  f^ 
=  165.75  eq.,  is  formed  by  digesting  litharge  in  dilute  M. 


Efiect  of 
heat. 


Exp. 


Gretn  Ara- 


Rrd  fire. 


k 

hr 


.yUMe  of  miMr.  fSif 

ite  of  the  Peroxide,  HgO»+WCy',  218  I  eg.  baae+ 54.15    a»ct.i. 
272.16. 
trau,  2HgO'+NO',  436  2  eq.  base  +  64.15  acid  =  490.15 

•  • 

protooitrate  is  obtained  by  digesting  mercury  in  N»  diluted  ^[^f' 
or  4  parts  of  water,  until  tbe  acid  is  saturated,  and  then  al-  nMrcmy. 
the  solution   to  evaporate  spontaneously  in  an  open  vessel, 
ution  always  contains,  at  first,  some  nitrate  of  the  peroxide  ; 
metallic  mercury  is  left  in  the  liquid,  a  pure  protonitrate  is 
ly  deposited.* 
.  When  mercury  is  heated  in  an  excess  of  strong  N,  it  is  P«niitrmte 

A  with  brisk  effervescence,  owing  to  the  escape  of  N,  and 
rent  prismatic  crystals  of  the  pemitrate  are  deposited  as  the 
I  cools.  When  put  into  hot  water  it  is  resolved  into  a  solu- 
t  the  composition  of  which  is  unknown,  and  into  a  yellow 
e  of  the  peroxide  ;t  this  is  the  nitrous  turpeth  of  old  wri- 

.  Nitrate  of  Oxide  of  SUver,  AgO+NO»,   116  1  eq.  base^^***^ 
5  1  eq.  acid  =  170.16.     Nitric  acid  diluted  with  three  parts 

tr,  readily  dissolves  silver,  with  the  disengagement  of  N.  If 
1  contain  the  least  portion  of  hydrochloric,  the  solution  will 
id,  and  deposit  a  white  powder ;  and  if  the  silver  contain 
it  will  have  a  permanent  greenish  hue ;  or  if  gold,  that  met- 
remain  undissolved  in  the  form  of  a  black  powder.^ 
solution  should  be  perfectly  clear  and  colourless ;  it  is  caus- 
tinges  animal  substances  of  a  deep  yellow,  which,  by  ex- 
to  light,  becomes  a  deep  purple,  or  black  stain,  and  is  indeli- 
peels  off  with  the  cuticle :  it  consists  of  reduced  silver. 
.  It  may  be  obtained  in  transparent  tabular  crystals,  by  evap-  Ciystalt. 

These  crystals,  which  are  anhydrous,  undergo  the  igneous 
It  426°,  and  yield  a  crystalline  mass  on  cooling ;  but  at  600° 
,  complete  decomposition  ensues,  the  acid  being  resolved  into 

N,  and  metallic  silver  is  left. 

•  When  heated  in  a  silver  crucible  it  fuses,  and  if  cast  into  Luoar 

tylinders,   forms    the  lapis  infemalis,  or  lunar   caustic  of  ^"•*'*' 


rdiag  to  Miucherlich,  it  is  a  lub-aalt, »  which  the  protoxide  and  add  an  ia 
of  SOS  to  3S.    Tbe  neatral  protooitrate  is  said  to  be  obtained  in  crystals,  by 

•  •  • 

tlie  former  salt  in  pare  water,  aeidalated  with  N,  and  eraporatinff  spoota- 
tboot  tbe  contact  of  metaUic  mercury  or  nncombioed  oiide.    Peg.  Jbtn, 

de  Ch.  et  Phyi.  xix. 


ritboat 


ry  osefnl  sohent  of  silver  is  formed  bv  dissolTing  one  part  of  nitre  in  abont  Nitro^aiRkviiL 
bSB  parts  by  weight  of  concentrated  snlphuric  add.  Tnis  compound  (which  acki. 
called  nitro'9vlphuric  ackl)  when  heated  to  between  100®  and  200®  P.  dis- 
le  khh  or  one  sixth  iu  weight  of  silver,  with  an  extrication  of  nitrous  gas; 
•  vntouched,  any  copper,  gold,  lead,  or  iron,  with  which  the  siWer  mar  be 
I.  Hence  it  is  a  most  useful  agent  in  extracting  silver  from  old  pnted 
rha  sUver  may  be  reeovered  from  tbe  eolation  by  adding  eeamoii  salt,  tad 
ida  of  sUver  formed  may  be  deoompoaad  by  carbonato  ofaoda. 
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pharmacy  ;  the  argerUi  nitras  of  the  Pharmacop.  In  foitDiDg  ikii 
preparation,  care  should  be  taken  not  to  orerheat  the  salt,  and  tki 
moulds  should  be  warmed.  When  pure  it  is  white  and  transpareot, 
and  does  not  deliquesce  on  exposure  to  the  air ;  but  cooimon  ]ubv 
caustic  is  often  dark  and  opaque,  and  dissolves  imperfectly  in  water, 
owing  to  some  of  the  nitrate  being  decomposed  during  its  prapui* 
tion.  It  is  impure,  also,  containing  nitrate  of  protoxide  of  cfl{i|Rr, 
and  traces  of  gold. 

1413.  The  pure  salt  is  soluble  in  its  own  weight  of  cold  andii 
half  its  weight  of  hot  water.  It  dissolves  also  in  4  times  its  weight 
of  alcohol.  Its  aqueous  solution,  if  preserved  in  clear  glass  ves- 
sels, undergoes  little  or  no  change  even  in  the  direct  rays  of  tk 
sun  ;  but  when  exposed  to  light,  especially  to  sunshine,  in  coBUd 
with  paper,  the  skin,  or  any  organic  substance,  a  black  stain  is  pi^ 
duced,  owing  to  decomposition  of  the  salt  and  reduction  of  its  oiidt 
to  the  metallic  state.  This  change  is  so  constant,  that  this  nk 
constitutes  an  extremely  delicate  test  of  the  presence  of  oigssie 
matter.  Its  solution  is  a  delicate  test  also  of  chlorine  and  hjdit* 
chloric  acid. 

1414.  Sulphur,  phosphorus,  charcoal,  hydrogen,  and  sevenlrf 
the  metals,  decompose  this  nitrate. 

A  few  grains  mixed  with  a  littlo  aQlpbur,  and  struck  upon  an  anvil  wA  i 
heavy  hammer,  produce  a  detonation  ;  phosphorus  occasions  a  violent  espln 
when  about  hair  a  grain  of  it  is  placed  upon  a  crystal  of  the  nitnte,  upoe 
anvil,  and  struck  sharply  with  a  hammer ;  and  if  heated  with  cbarooel,  rt  ' 
grates,  and  the  metal  is  reduced. 

If  a  piece  of  silk  dipped  into  a  solution  of  nitrate  of  silver  be  ex^ 
moist  to  a  current  of  hydrogen  £as,  it  is  first  blackened,  and  afterwards 
iridescent  from  the  reduction  or^ortions  of  the  metal.* 

A  stick  of  clean  phosphorus,  introduced  into  a  solutjon  of  nitrate 
soon  becomes  beauufullv  incrusted  with  the  metal,  which  seperatea  mm  itii 
arborescent  crystals.  A  plate  of  copper  occasions  a  brilliant  precipiMiaB  rf 
silver,  and  the  copper  is  oxidized  and  dissolved  by  the  acid. 

The  precipitation  of  silver  by  mercury  produces  a  pecoliar  sh 
rangementi  called  the  arbor  Diana  (1244.) 

1415.  Nitrate  of  silver  is  employed  for  writing  upon  linen  uste 
the  name  of  indelible  or  marking  ink^f  and  is  an  ingredient  in  mttj 
of  the  liquids  which  are  sold  for  the  purpose  of  changing  ths  e» 
our  of  hair;  but,  when  thus  employed,  it  should  be  very  modi  ^ 
luted,  and  used  with  extreme  caution. 

1416.  White  paper,  or  white  leather,  when  stained  with  a  aolution  of  aSMi 
of  silver,  in  the  proportion  of  ten  parts  of  water  to  one  of  the  salt,  uiidu|ai 
no  change  in  the  dark ;  but  when  exposed  to  the  licht  of  day,  it  nradoallj  i^ 
quires  colour,  and  passes  throufh  a  succession  of  <^ansee  to  black.  Ths  a* 
mon  sun-beams,  passing  through  red  glass,  have  very  litUe  efiect  upon  h;  |iH^ 
and  green  are  more  efficacious ',  but  blue  and  violet  produce  the  meet  < '  '~^ 
powerful  effects.  Hence  this  property  furnishes  a  method  of  copying 
on  glass,  and  transferring  them  to  leather  or  paper.t 


*  See  Mrs  Fulhame's  Esiay  on  Combuttum. 

t  100  grs.  of  the  nitrate  may  be  dissolved  in  distilled  water,  and  S  or  1 
mucilage  be  added.  The  prcparoior}*  liquid  maybe  made  with  half  ao  oaaetsfcV' 
booate  of  soda  dissolved  in  2  or  3  ounces  of  water,  adding  half  an  ounce  of  aoahl^ 
This  ink  is  discharged  by  chlorine  and  ammonia. 

t  Sec  description  of  the  process  by  Wedjrwood  in  Nicho]aon*a  Jmar,  m*  Wt  ^ 
Tiibot  on  Photogenic  drawmg,  Lond.  caui  Sdin.  PkiL  HUg.  ziv. 
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By  a  MDiilar  proceM,  iwotj  maj  ba  oorarad  with  «I?ar.    Let  a  ilip  of  irorj     BtuI/ 
ba  immerMd  in  a  dilute  solution  of  pure  nitrate  of  nlTer,  till  the  irory  haa  ac-  ZTj     ;     ^ 
^ired  a  bright  yellow  colour.    Then  remove  it  into  a  tumbler  filled  with  die-  jVoit™* 
tilled  water,  and  ezpoM  it  to  the  direct  light  of  the  sun.    After  two   or  three      ^' 
hours'  exposure,  it  will  have  become  black ;  but  on  rubbing  it  a  little,  the  sar- 
6ce  will  be  changed  into  a  bright  metallic  one,  resembling  a  slip  of  pure  silver. 
As  the  solution  penetrates  deep  into  the  ivory,  the  bright  surface  when  worn 
away,  is  replaced  by  a  succession  of  others.    H.  2. 184. 

1417.  Nitrites. — Our  knowledge  of  the  compounds  of  nitrous 
acid  with  alkaline  bases  is  imperfect. 

1418.  Chlorates, — The  salts  of  chloric  acid  are  very  analogous  to  chlorates. 
the  nitrates.     As  the  chlorates  of  the  alkalies,  alkaline  earths,  and 

most  of  the  common  metals,  are  composed  of  1  eq.  of  chloric  acid 
and  1  eq.  of  a  protoxide,  MO-j-ClCr,  it  follows  that  the  oxygen  of 
the  latter  to  that  of  the  former  is  in  the  ratio  of  1  to  5. 

1419.  The  chlorates  are  decomposed  by  a  red  heat,  nearly  all  of  Decomno- 
them  being  converted  into  metallic  chlorides,  with  evolution  of  pure  scdbyheat. 
oxygen  gas.     They  deflagrate   with    inflammable  substances   with 
greater  violence  than   nitrates,  yielding  oxygen   with  such  facility 

that  an  explosion  is  produced  by  slight  causes. 

Mix  a  few  grains  of  sulphur  with  three  times  its  weight  of  chlorate  of  potas-  £2p^ 
sa,  wrap  the  mixture  in  tin  foil,  and  strike  it  forcibly  upon  an  anvil.* 

1420.  All  the  chlorates    are  soluble  in    water,  and  are  distin-  soiobility 
ffoisbed  by  the  action  of  strong  hydrochloric  and  sulphuric  acids,  the  ofcblo- 
rormer  of  which  occasions  the  disengagement  of  chlorine  and  pro-  '*^'** 
toxide  of  chlorine  (641),  and  the  latter  of  peroxide  of  chlorine 
(M2).     T. 

1^1.  Chlorate  of  Potassa,     This  salt,  formerly  called  oxymKrio^f  chlorate  of 
or  hypet'Oxymuriate  of  potassa^  is   formed   by  passing   chlorine  potassa. 
through  a  solution  of  potassa.     Chloride  of  potassium  is  one  of  the 
results,  the  other  is  the  chlorate  of  potassa. 

Tlib  aalt  is  prepared,  upon  the  large  scale,  by  charging  Woolfe's  bottles  (634  ^^^  ^, 
DOtft).  with  solution  of  carbonate  of  potassa,  ana  passing  chlorine  slowly  through  tained. 
it  :t  the  |af  is  absorbed,  and  the  liquor  effervesces  chiefly  firom  the  escape  of  car- 
hoiiic  acid ;  when  this  has  ceased,  the  liquor  may  be  put  aside  in  a  cold  dark 
pfcare  Ibr  about  24  hours,  when  it  will  be  found  to  have  deposited  a  considerable 
pofftioQ  of  the  crystallized  chlorate  which  may  be  taken  out,  drained,  and  purified 
hj  solution  in  not  water,  which,  during  cooling  again,  deposits  the  aalt  in 
wbite  crystalline  scales.  The  liquor  is  generally  of  a  pinkish  nue,  from  the  pre« 
MBoe  otmanganese.! 

1422.  The  crystals  are  four  and  six  sided  scales,  of  a  pearly  lustre.  Crystals. 
Its  forms,  according  to  Brooke,  belong  to  the  oblique  prismatic  sys- 

teni.  It  is  soluble  in  16  times  its  weight  of  water  at  6U°,  and  in  two 
•od  a  half  of  boiling  water.  It  is  anhydrous,  and  when  exposed  to 
m  temperature  of  400^  or  500°,  fuses.  By  an  increase  of  heat,  nearly 
to  redness,  pure  oxygen  gas  is  disengaged  (365-4). 

1423.  It  acts  very  energetically  upon  many  inflammables.  Action  up- 

Rub  two  grains  into  powder  in  a  mortar,  and  add  one  grain  of  sulphur.    Mix  mables. 
Tory  accurately,  oy  gentle  triture,  and  then,  having  collected  the  mixture  E^p. 


This  experiment  requires  caution,  and  is  mads  more  safely  by  piscing  the  mix- 
under  a  long  bar  of  wood,  fitted  to  a  grooTe,  which  can  be  driven  down  by  a 
tblow.    W. 

tTha  tabs  which  is  immersed  in  the  alkaline  solution,  should  lie  at  least  half  an 
ia  diameter,  to  prerent  iu  being  cboaked  by  crystals  that  may  ibrm. 

tfln  aaochtr  proossa  by  Hayes  ia  Amw.  Jntr.,  vn\.  409. 
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to  one  part  of  the  mortar,  preee  the  peetle  down  upon  it  woMtnlf^  nA  kKtHtj- 
A  loud  detonation  will  eniue.  ,__ 

Mix  five  graina  of  the  salt  with  half  the  qaantity  of  powdered  cbmnlini 
similar  manner.    On  triturating  the  mixture  ftrongiy,  it  will  inilMDe, 
with  the  addition  of  a  grain  or  two  of  aulphur,  bat  not  with  much  aoit, 

1424  WheQ  sulphuric  acid  is  poured  upon  mixtares  of  this  mt 
and  combustibles,  instant  ignition  ensues  in  consequence  of  the  eii^ 
lutioQ  of  peroxide  of  chlorine ;  and  when  sulphuric  or  nitric  adii 
are  poured  upon  similar  mixtures  under  water  by  means  of  alM( 
fuunel,  inflammation  also  ensues. 

Mix  a  small  quantity  of  su^  with  half  its  weight  of  the  salt,  and  oa  thsHfr 
ture  pour  a  little  sulphuric  acid.*  A  sudden  and  vehement  inflammatioo  willk 
produced. 

Phosphorus  may  be  inflamed  under  the  surface  of  the  water,  bj  DMans  of  Ail 
salt.  Put  into  a  tall  wine  glass,  one  part  of  phosphorus  with  two  oftb*  silt;  B 
it  nearly  with  water,  and  slowly  pour  in,  by  means  of  a  glass  tub«,  rfachi^f  a 
the  bottom,  three  or  four  parts  of  sulphuric  acid.  The  phosphorus  takes  firs,flri 
burns  vividly  under  the  water.  These  experiments  reooire  caatioii  Icsi  the  p 
flamed  substances  should  be  thrown  into  the  eyes.  Oil  may  also  be  tlwi^ 
flamed  on  the  surface  of  water,  the  experiment  being  made  with  tha  noiisBna  rf 
the  phosphorus,  and  the  substitution  of  a  little  olive  or  linseed  oil. 

1425.  Chlorate  of  potassa  should  not  be  kept  mixed  with  aolphar 
in  considerable  quantity,  as  the  mixture  may  explode  qNNiliBt- 
ously.t 

1426.  A  few  grains  of  chlorate  of  potassa  put  into  a  tea-apooaU 
of  hydrochloric  acid,  and  then  diluted  with  wateri  form  an  extwp» 
rancous  bleaching  liquor. 

Chlorate  of     1427.  Chlorate  of  Baryta  is  the  compound  employed  in  the  fcr 
**nrtai       mation  of  chloric  acid  (657.) 

Process.  The  readiest  mode  of  preparing  it  is,  to  digest  for  a  few  minutea  a 

solution  of  chlorate  of  potassa  with  a  slight  excess  of  silicated  bydroflnoi 
the  alkali  is  precipitated  in  the  form  of  an  insoluble  double  fluoride  of 
and  potassium,  while  chloric  acid  remains  in  solution.    The  liquid  aAa 
tion  IS  neutralized  by  carbonate  of  baryta,  which  throws  down  the  nini  sf  ^ 
cated  hydrofluoric  acid,  and  chlorate  of  baryta  is  left  in  solution. 

Crystals.  By  evaporation  it  yields  prismatic  crystals,  reouiring  for  aolatioi 
four  times  their  weight  of  cold,  and  a  still  smaller  quantity  of  ki 
water.  They  are  composed  of  76.7  parts  1  eq.  of  baryta,  T&ll  i 
eq.  of  chloric  acid,  and  9  or  1  eq.  of  water.     T.  677. 

MatchM. 


Caution. 


SnlMtItu«*d  far 
Dim  la  fiiB< 
povdcr. 


*  A  mixture  of  this  kind  is  the  basis  of  matches,  for  the  purpose  of  ^ 

taneoas  light*  The  bottle  into  which  they  are  dipped,  contains  concentrated 
acid  which  is  prerented  from  escaping  by  a  quantity  ol  finely  span  fflass  or  tbc'L 
of  amianthus.  30  parts  of  powdered  chlorate  of  potassa,  10  cf  powdefed  BBlphBr.lrf 
sugar,  6  of  gam  arabic,  and  a  little  cinnabar.  Toe  sugar,  gum,  and  salt  ait  intn^ 
bed  lusether  into  a  paste  with  sufficient  water;  the  sulphur  is  then  addsd,anl4i 
whole  heiog  well  beaten  together,  smsll  brimstone  matches  are  dipped  in,  so  as  is  MB 
a  thin  coat  of  the  mixture  upon  their  sulphuretted  points. 

A  Tery  convenient  method  of  obtainina  a  flame,  is  to  dip  the  end  of  a  pises  iffif 
in  spirits  of  turpentine,  drop  upon  it  a  few  scales  of  the  salt,  and  then  a  diep  Jm^ 
phuric  acid. 

One  of  the  compounds  occasionally  employed  in  percussion  gnn-locks  eoataJM^ 
salt ;  10  parts  of  gunpowder  are  rubbed  with  water,  and  the  soluble  put  povsl  A 
the  remaining  paste  is  then  mixed  with  6|  parts  of  finely  powdered  chlotmtou^pMM 
and  a  drop  of  it  put  into  each  of  the  smajl  con^r  caps  adapted  to  the  pccalisi  MS^ 
bole  of  the  gun.  The  mat  disadvanta^  of  this  compouna  is  that  it  nr^  F"^* 
which  corrode  the  toucnhole ;  fulminating  mercury  is  preferable. 

t  It  was  proposed  by  BerthoUet  to  substitute  this  salt  for  nitre,  in  the  pn 
of  gunpowder  and  the  attempt  wbm  made  at  Essooe  in  1788 ;  but.  at  might  hstil 
expected,  no  sooner  was  the  mixture  of  the  chlorate  with  the  snlphar  aadc 
submitted  to  tritaratioo  than  it  exploded  witb  violaaoi,  and  proiad  Aial  m 
people. 


todaUi.  3^1 

J428.  PereUoratet.    The  neatrai  proto-salu  of  perchloric  acid    ^ct.  i. 
consiti  of  1  eq.  acid  and  base,  as  is  expressed  by  the  foitnula  H0+  Perchlo- 
Cro^     Most  of  these  salts  are  deliquescent,  very  soluble  in  water,  "*••• 
and  soluble  in  alcohol.     Heated  to  redness  they  yield  oxygen  ^'£«*ec*or 
and  metallic  chlorides ;  and  they  are  distinguished  from  the  chlorates  beat. 
by  not  acquiring  a  yellow  tint  on  the  addition  of  hydrochloric  acid. 

1429.  The  solubility  in  alcohol  of  the  perchlorates  of  baryta,  soda,  SolabUhr 
and  oxide  of  silver,  is  a  property  which  tne  analytical  chemist  may  2,^,|j* 
a^ail  himself  of  in  analysis,  for  the  separation  of  potassa  and  soda 

from  each  other. 

1430.  Chlorites.    The  alkaline  salts  of  chlorous  acid  are  readily  Cblorites, 
made  by  transmitting  a  current  of  chlorous  acid  gas  into  a  solution 

of  the  pure  alkalies.     They  are  soluble  in  water,  and  are  remarkable 
for  their  bleaching  and  oxidizing  properties.     By  the  latter  proper-  Recog- 
ties  and  the  evolution  of  chlorous  acid  on  the  addition  of  any  of  the  oised. 
stronger  acids  their  presence  is  readily  recognised. 

1431.  Hypochlorites,     The  hypochlorites  may  be  produced  by  the  Hypochlo- 
addition  of  chlorine  gas  on  the  salifiable  bases.     The  most  impor-  ritei. 
tant  of  them  is  hypochlorite  of  lime,  the  well  known  bleaching 
powder  (901).     Daring  absorption  of  the  chlorine,  chloride  of  calci- 
um and  hypochlorite  of  lime  are  produced  in  equivalent  propor- 
tions.* 

1432.  It  is  a  dry  white  powder,  with  the  odour  of  chlorine  and  a  Bleaching 
strong  taste.  It  dissolves  partially  in  water  and  the  solution  bleaches ;  powder, 
it  contains  both  chlorine  and  lime ;  the  undissolved  portion  is  hy- 
drate of  lime,  retaining  a  small  quantity  of  chlorine.     The  solution 

is  decomposed  by  exposure,  its  chlorine  being  set  free,  and  carbonate 
of  lime  generated. 

1433.  It  is  largely  employed  in  bleaching,  for  the  purpose  of  re-  Uiet. 
moTing  oflensive  odours,  and  of  arresting  putrefaction.!    With  hy- 
droehlorate  of  ammonia  it  affords  nitrogen  gas  from  the  decomposi- 
tion of  the  ammonia  (420). 

I«to  a  imall  tubulated  retort  iotroduce  the  bleaching  ult,  add  tufficient  water 
ID  brinn  it  to  the  consistence  of  cream  \  drop  in  lumps  of  the  hydrochlorate  of 
Munonia ;  effervescence  will  take  place,  and  the  nitrogen  be  disengaged. 

1434.  lodates.     The  general  character  of  the  iodates  is  similar  to  lodaies, 
that  of  the  chlorates.     In  all  neutral  protiodales  the  oxygen  contained  ^j^^'JJJJ^' 
in  the  oxide  and  acid  is  in  the  ratio  of  1  to  5.     They  deflagrate  with  ter, 
combustibles,  and  yield  oxygen  gas  at  a  red  heat,  a  metallic  iodide 
remaining. 

1436.  The  iodates  are  recognised  by  the  facility  with  which  their  ^^^' 
acid  is  decomposed  by  deoxidizing  agents.  Hydrosulphuric  acid  oc-  ^ 
caaiona  the  formation  of  hydriodic  acid,  by  yielding  hydrogen  to  the 
iodiiie.  Hence  an  iodate  of  potassa  may  be  converted  into  the  iodide 
by  transmitting  a  current  of  HS  through  its  solution.  The  iodates 
aia  very  sparingly  soluble,  or  actually  insoluble  in  water,  excepting 
the  iodates  of  the  alkalies. 

1436.  lodaie  of  Potassa  may  be  procured  by  adding  iodine  to  a  Iodate  of 
concentrated  hot  solution  of  pure  potassa,  until  the  alkali  is  com-  !»*■•••» 
pictely  neutralized. 

•Toraer. 

t  For  dcuils  rstpcctiBg  its  nanafaeiure,  dtc,  see  Ure*8  DUi,  qf  ArUy  ac.,  tad  Ibr 
w-i.  of  (gmBtting  tha  vaiot  of  this  sabstaaoe,  Ma  pigt  au. 


342 


Salts — Pho$phat€s. 


Chap.  V. 
Procetit 

Another. 
Henry's. 


The  liquid,  which  contains  an  iodate  and  iodide  ii  evapormted  to  dryneabjr 
a  gentle  heat,  and  the  residue,  when  cold,  is  treated  by  repeated  portions  of  bou* 
ing  alcohol.  The  iodate,  which  is  insoluble  in  that  naenstruam,  is  left,  mkk 
the  iodide  of  potassium  is  dissolved. 


Use. 


Phos- 
phates. 

Three  fam- 
ilies. 


Protophos- 
phates. 

Tripbos-  , 
phates. 


Effect  of 
heat. 


Soluble 

phosphates 

detected, 


potassium  is  I  used  in  a  capacious 
removal  from  the  fire,  it  is  yet  semi-fluid,  successive  portions  of  pulTorized  ebb 
rate  of  potassa  are  projected  into  it,  stirrinc  well  after  each  addition.  Tbs  ■» 
terials  froth  up  considerably,  and  when  the  action  is  over,  a  white,  op>Pii 
cellular  mass  remains,  easily  separable  from  the  crucible ;  tepid  water  dJanmi 
out  the  chloride  of  potassium,  and  leaves  the  iodate.  Convenieot  prnportiM 
are  one  part  of  iodide  of  potassium  and  rather  more  than  one  and  a  half  of  cll» 
rate  of  potassa.* 

1437.  From  this  salt  all  the  insoluble  iodates  may  be  procofedbf 
double  decomposition.  Thus  iodate  of  baryta  may  be  formed  1^ 
mixing  chloride  of  barium  with  a  solution  of  iodate  of  potassa. 

The  Bramates  have  many  characters  in  commoQ  with  the  cU^ 
rates  and  iodates.     T. 

1438.  Phospkates.  As  there  are  three  isomeric  modifications  rf 
the  same  acid,  which  have  been  described  under  ifke  names  of  pAif* 
phoriCj  pyrophosphoric,  and  metaphasphoric  acid  (page  174),  ic  is  » 
ces.sary  to  have  three  corresponding  families  of  salts,  the  pkotpkiim, 
pyrophosphates  and  metaphosphates.i 

1439.  All  the  protophosphates  which  are  neutral  in  composiuoain 
soluble  in  water,  and  redden  litmus  paper ;  whence  they  are  coa- 
monly  called  superphosphates.  The  triphosphates,  except  tboM 
of  the  pure  alkalies,  arc  either  sparingly  soluble  or  insoluble  in  v^ 
ter ;  but  they  are  all  dissolved  by  dilute  nitric  or  phosphoric  adi 
being  converted  into  the  soluble  phosphates.  All  the  triphotphaM 
with  fixed  and  strong  bases  bear  a  red  heat  without  change ;  batlki 
phosphates  and  diphosphates,  to  judge  from  experiments  on  the  tak 
salts,  are  converted  into  metaphosphates  and  pyrophosphates.  MoK 
of  the  phosphates  of  the  second  class  of  metals  are  resolved  iM 
phosphureis  by  the  conjoint  agency  of  heat  and  combustible  matltf* 

The  phosphates  of  the  alkalies  are  only  partially  decomposed  ai- 
der these  circumstances,  and  the  phosphates  of  baryta,  strontii.ii' 
lime,  undergo  no  change. 

1440.  The  presence  of  a  soluble  phosphate  may  be  distiogniihi' 
by  the  test  for  phosphoric  acid.t 

The  insoluble  phosphates  are  decomposed  when  boiled  with  • 


Punsula. 


Water  ■  Ymu. 


TtMofplM*- 
pbocit  aJX 


*Jour.  dc  Phar.,  July,  1832 

t  An  cquiv.  of  each  of  the  three  acids,  is  a  compoand  of  31.4  parts  or  2  eg.  stl 
phonis  +  40  TMirts  or  6  eq.  of  oxygen  =  71.4,  expressed  hy  the  formola  F*0*.  1^ 
tbrm  a  salt  neutral  in  compotitwn  1  ea.  of  an  alkahne  hase  is  requisite,  and  ia  tht«i 
o(  any  protoxide,  indicated  hy  MO,  tne  general  formula  will  he  MO+PO'.  If '  j( 
of  a  protoxide  are  united  with  one  of  the  acid,  we  hate  a  c/tto/f,  2MO+psO*;  ^aiO 
eq.  of  a  hase  combine  with  1  eq.  of  the  acid,  it  is  a  /rwo/l,  SMO+P'O^.  It  teat  '' 
that  water  plays  the  part  of  an  alkaline  hase  towards  each  of  the  three  addSiCi 
alone  or  conjointly  with  another  liase;  the  salts  with  such  compound  baM 
scarcely  he  Tiewed  in  the  light  of  double  salts,  since  the  two  haaes  act  tofethsf 
electro- positite  element. 

t  When  phosphoric  acid  is  neutralized  by  ammonia  and  mixed  with  aitnlisfi 
of  silver,  the  yellow  phosphate  of  that  oxide  subsides,  a  character  bj  whkk  ilM 
tinguished  from  all  auids,  except  the  trseoious.    T.  816. 


Tripkosphatti.  343 

strong  solution  of  carbonate  of  potassa  or  soda,  the  acid  uniting  with    8<ct.i. 
the  alkali  so  as  to  form  a  soluble  phosphate;  the  earthy  phosphates  loiolablt, 
require  continued  ebullition,  and  should  preferably  be  fused  with  an  ffJ^^P^ 
alkaline  carbonate,  like  an  insoluble  sulphate,     t. 

1441.  Triphosphate  of  Soda.     3N0-fP0'.  93.9  3  eq.  base  +  ^^  ,j,^ 
71.4  1  eq.  ncid  =  165.3 ;  in  crystals  with  216  or  24  eq.  water  =  Sod^,^ 
381.3.     This  salt  is  made  by  adding  pure  soda  to  a  solution  of  the  ProoeM. 
succeeding  compound  until  the  liquid  feels  soapy  to  the  fingers,  an 
eicess  of  soda  not  being  injurious.     The  liquid  is  then  evaporated 

nntil  a  pellicle  appears,  and  the  crystals  which  form  on  cooling  are 
qaickly  redissolved  in  water  and  recrystallized. 

1442.  The  crystals  are  colourless  six-sided  prisms,  with  a  strong  properties, 
alkaline  taste  and  reaction,  requiring  live  times  their  weight  of  wa- 
ter at  60^  for  solution.     They  fuse  at  ITO**,  and  may  be  exposed  to 

a  red  heat  without  losing  their  characters  of  a  phosphate.  The 
feeblest  acids  deprive  the  salt  of  one  third  of  its  soda. 

1443.  Triphosphate  qf  Soda  and  Basic   Water,      2NaO.HO+ THpl»- 
P  O*.  62.6  2  eq.  soda,  9  I  eq.  water  +  71.4  1  eo.  acid  =  143 ;  in  g£".^ 
crystals  with  216  or  S4  eq.  water  =  359,  with  135  or  15  eq*  water  haiie  wm- 
^278.     This  salt  is  the  most  common  of  the  phosphates,  being  ^^^ 
maoufactured  on  a  large  scale  by  neutralizing  with  carbonate  of  soda 

the  acid  phosphate  of  lime  procured  by  the  action  of  sulphuric  acid 
on  burned  bones  (p.  169).  It  is  generally  described  as  the  neutral 
jihosphate  of  soda. 

1414.  It  crystallizes  best  out  of  an  alkaline  solution  ;  but  however  crjttals. 
prepared  is  always  alkaline  to  test  paper.     The  crystals  effloresce, 
and  require  four  times  their  weight  of  cold,  and  twice  their  weight 
of  hot  water  for  solution. 

1445.  Acid  Triphosphate  of  Soda  and  Basic  Water,     NaO.  2H0  AcidTriph. 
+P0*,  31.3  1  eq.  sod.  18  2  eq.  water  +  71.4  1  eq.  acid  =  120.7  ;  |.  ^^ 

io  crystals  with  18  or  2  eq.  water  =  138.7.  This  salt,  commonly  '^*"' 
called  biphasphate  of  soda,  may  be  formed  by  adding  phosphoric  acici 
to  a  solution  of  carbonate  of  soda,  or  to  either  of  the  preceding  phos- 
|iiates,  until  it  ceases  to  give  a  precipitate  with  chloride  of  barium.  Crytiali. 
Being  very  soluble  in  water,  the  solution  must  be  concentrated  in 
Older  that  it  may  crystallize.  This  salt  is  capable  of  yielding  two 
diflerent  kinds  of  crystals  without  varying  its  composition.^ 

1446.  Triphosphate  of  Soda,  Oxide  of  Ammonium^  and  Basic 
Water,  NaO.H^NO.  HOH-PO»,  31.3  1  eq  soda,  26.15  1  eq.  ox. 
an.  9  1  eq.  water  -}-  71.4  1  eq.  acid  =  137.85  eq. ;  in  crystals 
with  72  or  8  eq.  water  =  209.85.  Prepared  by  mixing  1  eq.  of 
bydrochlorate   of  ammonia  and  2  eq.  of  the  neutral  phosphate  of 

soda,  each  being  previously  dissolved  in  a  small  quantity  of  boiling  «j^^^ 
water.     It  has  been  long  known  as  microcosmic  salt,  and  is  much  micMdlL* 

*  For  which  see  Liebig  and  Turner't  Elem.  684. 

TripktMhaie  of  Pottufa.  3KO-|-P>OS,  141.45  3  eq.  base  +  71.4  I  eq.  acid  = 
IjBS.  Formed  by  adding  caustic  potassa  in  excess  to  a  solution  of  phosphoric  acid. 
t^ntl09phaie  efPotaua  and  Banc  Water.  2K0.  HO+P-OS,  94  3  2  eq.  KG,  9  I  eq. 
D  +  Ti  .4  1  eq.  acid  =  174.7.     Prepared  by  neutralizing  the  superphosphate  of  lime 

hooet  with  carbonate  of  potassa. 

U  Tripho9phtUe q/* PotaM»a  and  Banc  Water,  K02H(H-P80\ 47. 1 6  I  eq.  pot. 
a  eq.  water  +  71.4  1  eq.  acid  3=  136.66  eq.  Formed  by  adding^  phosphoric  acid  to 
''^waia  ofpoUsaa  until  the  liquid  ceaaas  to  gife  a  pitdpitata  with  chiondt  of  ban* 

•ad  stttiaf  asidt  to  crjatallisa. 


^44  Salt9—Tripha$phaUi. 

Clap.  V.  employed  in  experiments  with  the  blow-pipe.     When  heated  il  ptni 

with  its  water  and  ammonia,  and  a  very  fusible  metaphosphtie  of 

soda  remains.* 

Photphttes     1447.  Phosphates  of  IJme,     The  peculiar  compound  called  tk 

of  lime,      iff^g  phosphate^  exists  in  bones  after  calcination,  and  falls  as  a  geli- 

tinous  precipitate  on  pouring  chloride  of  calcium  into  a  solution  rf 

the  rhombic  phosphate  of  soaa,  or  on  adding  ammonia  to  a  soltrtiQi 

of  any  phosphate  of  lime  in  acids. t 

Triphof-         1448.   Triphosphate   of  Idme  and  Baste   Water,  2CaO.  H(H 

phaie,        PO*,  57  2  eq.  lime,  9  1  eq.  water  +  71.4  1  eq.  acid  :=  137.4  flq. 

This  salt  is  commonly  called  neutral  phosphate ;    it  falls  at  t 

granular  precipitate  when  the  rhombic  phosphate  of  soda  is  adM 

drop  by  drop  to  chloride  of  calcium  in  excess.     The  triphosphalt  of 

lime  occurs  in  the  mineral  called  apatite. 

.  . .    .  1449.  Acid  Triphos.  of  Lime  and  Basic  Water,  CaO2H0  + 

^phiu,  P'O*,  28.5  1  eq.  lime,  18  2  eq.  water  +  71.4  1  eq.  acid  =  1171 

and  fiitic    This  is  called  the  hiphosphate  from  its  acid  reaction,  and  is  foraed 

wBtnr.        ^^  dissolving  either  of  the  preceding  salts  in  a  alight  excess  of  phoi- 

pnoric  acid.     It  exists  in  the  urine. 

Of  rnagne-       1450.   Triphosphate  of  Magnesia  and  Basic   Water,  is  fonari 

■^'*  by  mixing  hot  saturated  solutions  of  the  rhombic  phosphate  of  lodi 

and  sulphate  of  magnesia,  and  separates  on  cooling  in   small  oj^ 

tals  which  contain  13  eq.  of  water  to  1  of  the  salt. 

Phosphate       1451.    The  phosphate  of  ammonia  and  magnesia,  nuhsiin  nt 

?Li^?f?l^  pulverulent  gfranalar  precipitate  from  neutral  or  alkaline  solatiaMi 
ana  magoe-  *  F       t      »        » i  i  »•         j*_ 

aim.  contaming  phosphoric  acid,  ammonia,  and  magnesia.     It  is  mflf 

dissolved  by  acids  and  is  sparingly  soluble  in  pure  water,  espeddfr 

when   carbonic  acid  is  present ;  but  it  is  insoluble  in  a  solution  a 

most  neutral  salts,  such  as  hydrochlorate   of  ammonia.     It  conai- 

tutes  one  variety  of  urinary  concretions,  according  to  BeixeUntil 

consists  of 

Phoaphoric  acid                        71.4  1  eq.  P^Oi. 

Magnesia                                  41.4  2  eq.  2McO. 

Ammonia                                 34.3  2  eq.  211sN. 

Water  .        .        90  10  eq.  IHO. 

of         1452.  By  a  red  heat  it  loses  its  water  and  ammoaia,  and  ift 

residue  is  diphosphate  of  magnesia,  which  contains  36.67  per 

of  pure  magnesia.     At  a  strong  red  heat  it  fuses,  and  appears 

cold  as  a  white  enamel. 

Triphoa-  1453.    Triphosphate  of  Oxide  of  StVv^  subsides,  of  a  chartcH^ 

phateof     istic  yellow  colour,  (1440)  when  the  rhombic  phosphate   of  soda  if 
tiiTtr.  ..... 

mixed  in  solution  with  nitrate  of  oxide  of  silver,  N  being  set  fist  < 
the  same  time.     This  salt  is  very  soluble  in  N  and  P.  forming  iki 


*  TriphosphaU  of  Oxide  of  Am.  and  Baiie  Water,  SH*ir6.  HO+  FV,  A*' 
eq.  ox.  Am.  9  1  eq.  water  +71.4  1  eq.  acid  =  138.70  eq.,  formed  bj  addiaf  «i^ 
Dia  to  concentraieu  phosphoric  acid  until  a  precipitate  appeara.  Ob  appljaf  M 
the  precipitate  in  dissolred,  and  on  abaDdoiiiog  the  eolation  to  itaeir,  the  mcuiI  m 
cryttailixes.  The  crysuls  are  oblique  rhombic  priama,  the  amaller  aafla  boif  ir 
80r. 

iSone  PhotpkaU  qf  JUme,  sOaO+aPO*,  ste  Seq.  hase  +  SUJ  Sif.  «<* 
448.8  eq. 

t  TVipho^jikate  nf  Lime,  8CaCH-PH)i,  SS.S  S  eq.  bast  4- 7M 1  sq.  sdd  s  I** 
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soluble  phosphate  and  in  ammonia.    It  is  blackened  by  exposure  to     Stct.i. 
light. 

1464.  When  phosphoric  acid,  with  the  aid  of  heat  is  made  to 
combine  with  2  eq.  either  of  water  or  some  fixed  base,  the  modifica- 
tion  of  phosphoric  acid,  termed  pyrophasphorie  (569)  is  procured.  F^rophot- 

Combined  with  bases  it  forms  pyrophosphates.*  paatM. 

1455.  The  oxides  of  most  metals  of  the  second  class  yield  with 
this  acid  insoluble  or  sparingly  soluble  salts,  which  may  be  pre- 
pared by  double  decomposition  with  dipyrophosphate  of  soda*t 

1456.  ArseniateS'    Arsenic  acid  resembles  the  phosphoric  in  com-  Aneniatw. 
position  and  in  many  of  its  properties.    It  forms  tribasic  salts.  Those 

with  2  eq.  of  bnsic  water  are  soluble  in  water  and  redden  litmus; 
with  1  eq.  of  basic  water,  in  which  the  oxygen  of  the  alkaline  base 
and  acid  is  as  2  to  5,  the  salt  is  usually  called  a  neutral  arseniate. 
When  no  basic  water  is  present*  the  salt  is  usually  described  as  a 
•abar5eniate. 

1457.  Many  of  the  arseniates  bear  a  red  heat  without  decomposi-  Effect  of 
lioD,  but  they  are  all  decomposed  when  heated  to  redness  along  with  ^^^^ 
charcoal,  metallic  arsenic  being  set  at  liberty. 

The  soluble  arseniates  are  easily  recognised  by  the  tests  for  arsenic  Aneniaisi. 
(1053),   and   the  insoluble  arseniates,  when  boiled  in  a  strong  solu-  wcogttissd. 
tion  of  the  fixed  alkaline  carbonates,   are   deprived   of  their  acid, 
which  may  then  be  detected  in  the  usual  manner.     The  free  alkali, 
however,  should  first  be  exactly  neutralized  by  pure  nitric  acid. 

i4S8.  Arsenites.    The  arsenites  of  potassa,  soda,  and  ammonia,  AnenitM. 
may  be  prepared  by  acting  with  those  alkalies  on  arsenious  acid ; 
they  are  very  soluble  in  water,  have  an  alkaline  reactiont  and  have  P"*P^'***«* 
BOt  been  obtained  in  regular  crystals.     Most  of  the  other  arsenites 
are  iosoluble,  or  sparingly  soluble,  in  pure  water  ;  but  tbey  are  dis- 

•  •  • 

solved  by  an  excess  of  their  own  acid,  with  great  facility  by  N,  and 
by  most  other  acids  with  which  their  bases  do  not  form  insoluble 
compounds.  The  insoluble  arsenites  are  easily  formed  by  double 
decomposition. 

1459.  All  the  arsenites  are  decomposed  when  heated  in  close 
vessels,  the  arsenious  acid  being  either  dissipated  in  vapour,  or  con- 
verted, with  disengagement  of  some  metallic  arsenic,  into  arseniates. 
Heated  with  charcoal  or  black  flux,  the  acid  is  reduced  (1054.) 

1460.  The  soluble  arsenites,  if  quite  neutral,  are  characterized  by  Soluble  ar- 
forming  a  yellow  arscnite  of  oxide  of  silver  when  mixed  with  the  Moites  dii- 
aitrate   of  that  base,  and  a  green  arsenite  of  protoxide  of  copper,  ^^"•''•**- 
SekeeU^s  green,  with  sulphate  of  that  oxide.     When  acidulated  with  , 
•eetic  or  hydrochloric  acid,  hydrosulph uric  acid  gas  causes  the  forma-  grem.^' 
tion  of  orpiment.     The  insoluble  arsenites  are  all  deconmosed  when 

boiled  in  a  solution  of  carbonate  of  potassa  or  soda.  The  arsenite 
sf  potassa  is  the  active  principle  of  FowlerU  arsenuuL  solution. 

1461.  Chromates.     The  salts  of  chromic  acid  are  mostly  either  Chiomatst. 
if  a  yellow  or  red  colour,  the   latter  tint  predominating   whenever 

>^ 

^  For  which  tee  Tamer  and  Liebig's  EUm.  687. 

t  Fbr  description   of  Metaphotpkatti  tee  T.  aad  L.  EUm.  6S9  ;  and  Oraham  in 

'"'      TVoM.  lSSS,|iart2d. 

Id 
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the  acid  is  in  excess.  The  chromates  of  oxides  of  the  second  dam 
of  metals  are  decomposed  by  a  strong  red  heat,  by  which  the  acid  is 
resolved  into  the  green  oxide  of  chromium  and  oxygen  gas  ;  but  the 
chromates  of  the  fixed  alkalies  sustain  a  very  high  tenpeistoiv 
without  decomposition.  They  are  all  decomposed  by  the  soM 
agency  of  heat  and  combustible  matter.  The  neutral  chronmlesrf 
protoxides  are  similar  in  constitution  to  the  sulphates,  being  fomed 
of  1  eq.  of  the  base  and  1  of  chromic  acid,  the  formula  being  MO-^ 
CrO». 

1462.  The  chromates  are  in  general  sufficiently  distingaislied  bf 
their  colour.  They  may  be  known  chemically  by  the  followim 
characters  :  on  boiling  a  chromate  in  hydrochloric  acid  mixed  wA 
alcohol,  the  chromic  acid  is  at  first  set  free,  and  is  then  decomposed, 
a  green  solution  of  the  chloride  of  chromium  being  generated. 

1463.  Chromates  of  Potassa,  The  neutral  chromate  from  which 
all  the  compounds  of  chromium  are  directly  or  indirectly  preptied. 
is  made  by  heating  to  redness  the  native  oxide  of  chromium  md 
iron,  chromate  of  iron,  with  nitrate  of  potassa  (1077),  whm 
chromic  acid  is  generated,  and  unites  with  the  alkali  of  the  nitre. 

1464.  Chromate  of  potassa  has  a  cool,  bitter  and  disagremUe 
taste  ;  it  is  soluble  to  great  extent  in  boiling  water,  and  in  iwksili 
weight  of  that  liquid  at  60^ ;  but  it  is  insoluble  in  alcohol.  A> 
cording  to  Thomson  il  is  neutral  in  composition,  consisting  of  S 
parts  or  1  eq.  of  chromic  acid,  and  47,15  parts  or  1  eq.  of  potsHL* 

1465.  Bichromaie  of  Potassa  is  made  in  large  quantity  for  d1^ 
ing,  by  acidulating  the  neutral  chromate  with  sulphuric,  or  still  Isi' 
ter  with  acetic  acid,  and  allowing  the  solution  to  crystallim  kf 
spontaneous  evaporation.  When  slowly  formed  it  in  deposilcdis 
four-sided  tabular  crystals,  the  form  of  which  is  an  oblique  rboahk 
prism.  They  have  a  rich  red  colour,  are  anhydrous,  and  cootiitflf 
1  eq.  of  the  alkali,  and  2  eq.  of  chromic  acid.t  They  are  solsbk 
in  about  ten  times  their  weight  of  water  at  60**,  and  the  solutioi 
reddens  litmus  paper. 

1466.  The  insoluble  salts  of  chromic  acid  such  as  the  chrocoiKi 
of  baryta  and  oxides  of  zinc,  lead,  mercury  and  silver,  are  piepsif' 
by  mixing  the  soluble  salts  of  those  bases  with  a  soiutioo  of  cbf* 
mate  of  potassa.  The  yellow  chromate  of  lead  is  much  Qscdm 
pigment,  it  consists  of  1  eq.  of  acid  and  1  eq.  of  ozide.t 

1467.  Borates,  Boracic  acid  is  a  feeble  acid  and  neutralise  is* 
perfectly,  hence  the  borates  of  soda,  potassa  and  oxide  of  tma^ 
nium  have  always  an  alkaline  reaction.  For  the  same  reasoo»«t* 
the  borates  are  digested  in  any  of  the  more  powerful  acids,  ihe  ^ 

*  Ann.  of  PMloa.  xtI.        t  Thomsoo. 

t  The  chromate  of  oxide  of  zioc  may  be  used  for  the  rame  parpote.  A  ficfeni' 
composed  of  l  eq.  chromic  acid  and  2  eo.  protox.  lead,  may  be  formed  by  Wbl^ 
carbonate  of  that  oxide  with  excess  of  coromate  of  potasftm.  It  is  of  a  beagB>' 
coloor,  and  has  been  recommended  as  a  pigment  Mnn.  PhUm.  xxv,  SOS.)  kMf 
also  be  made  by  boiling  the  neutral  chromate  with  ammonia  or  lfiiMvilWi*V 
fusing  nitre  at  a  low  red  heat,  and  adding  chromate  of  oxide  of  lead  by  ds^es^ 
til  the  nitre  is  nearlv  exhausted.  The  chromate  of  potaaaa  and  nitiv  Mtlkaf; 
moTed  liy  water,  and  the  dicbromate  is  leA  crystalline  in  texture,  and  ol  a 
tint.    {Pog.  An,  xxi.  680.)* 


•  For  Ckromaim  tf  SUmt,  and  of  OimriiU  ^ 


seaT.aB«L. 


I 
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facie  acid  is  separated  from  its  base.     But  at  a  red  beat  tbis  acid     8«ct«t. 
decomposes  all  salu,  the  acid  of  which  is  volatile. 

14S9.  The  borates  of  the  alkalies  are  soluble  in  water,  but  roost  Properties, 
of  the  salts  of  this  acid  are  of  sparingr  solubility.     They  are  not  de*  *«• 
composed  by  heat,  and  the  alkaline  and   earthy  borates  resist  the 
action  of  heat  and  combustible  matter.     They  are  remarkably  fusi- 
ble, a  properly  owing  to  the  great  fusibility  of  the  acid  itself.' 

1469.  The  borates  are  distinguished  by  the  following  character :  Diitin- 
by  digesting  any  borate  in  a  slight  excess  of  strong  sulphuric   acid,  »«»1»<>. 
evaporating  to  dryness,  and  boihng  the  residue  in  strong  alcohol,  a 
solution  is  formed  which  has  the  property  of  burning  with  a  green 
flame. 

1470.  Biborate  of  Soda^Borax.      This  salt,   which    has  been  Bona, 
very  long  known,  is  imported  from  India  in  the  impure  state,  under 

ihe  name  of  Tincal,  which,  after  being  purified,  constitutes  the 
refined  borax  of  commerce.  It  is  frequently  called  sub-barate  of 
sodUm 

1471.  It  crystallizes  in  prisms  of  the  oblique  system,  which  efflor-  Crjtuli. 
«sce  ;  thev  require  20  parts  of  cold,  and  6  of  boiling  water,  for  so- 
lution.    Exposed  to  heat  the  crystals  lose  their  water  of  crystallisa- 

tioa,  fuse,  and  then  form  a  vitreous  substance  called  glass  of  borax. 
The  crystals  are  composed  of  69.8  parts  or  2  eq.  of  acid,  31.3  or 
I  eq.  soda,  aud  90  or  10  parts  of  water. 

1472.  The  chief  use  of  borax  is  as  a  flux,  and  for  the  preparation  Use. 
of  boracic  acid.^ 

1473.  Carbonates,  The  carbonates  are  distinguished  by  being  de-  Carbon- 

composed  with  effervescence,  owing  to  the  escape  of  C,  by  nearly  cetera  of  * 
mil  the  acids ;  and  all  of  them,  except  the  carbonates  of  notassat  so- 
da and  lithia,  may  be  deprived  of  their  acid  by  heat.  The  cf^nbo- 
naiet«  of  baryta  and  strontia,  especially  the  former,  require  an  in- 
tORse  heat  for  decomposition  ;  those  of  lime  nnd  magnesia  are  re- 
duced to  the  caustic  state  by  a  full  red  heat ;  and  the  other  carbo- 
nates part  with  their  carbonic  acid  when  heated  to  dull  redness. 

1474.  All  the  carbonates,  except  those  of  potassa,  soda  apd  am-  Solability. 
■loaia,  are  of  sparing  solubility  in  pure  water  ;  but  all  of  them  are 

Bore  or  less  soluble  in  an  excess  of  carbonic  acid,  owing  probably 
lo  tlie  formation  of  supersalts.  Several  of  the  carbonates  occur  na- 
lire. 

1476.  Carbonate  of  Potassa,  KO+CO',  47.15  1  eq.  base+22.12  Jj-^Jj^S 
1  oq.  acid   =  6927  eq.     This  is  a  salt  of  great  importance  in  **  P"*"*- 
ouuiy  arts  and  manufactures,  and  is  known  in  commerce  in  differ- 
•al  states  of  purity,  under  the  names  of  wood-ash^  pot^ash,  and  pearl- 
It  is  the  subcarbonate  of  potassa  of  the  U,  S,  Phartnacop, 


The  simplest  mode  of  ehowiog  the  abeorptioo  of  carbooic  acid  by  potaaaa^  it  Bxp. 
m  fi*llowing :  Fill  a  common  pbial  with  carbonic  acid  gas  over  water ',  and 


•  Tba  BermdU  of  mineralogists  is  a  biborate  of  magnesia.    A  new  biborate  <i/*Nt«bUMnt«*r 
'  I,  containing  half  as  much  water  of  crystallisation  a«  the  ahote,  has  l»een  des-  ■ww 
A,    It  is  harder  and  denser  than  homi,  is  not  efflorescent,  and  crystallises  in  oc- 
Inws.     It  is  made  by  dissolting  liorax  in  boiling  water  oalil  the  sp  gr.  of  the  p,^,^ 
ion  is  at  30°  or  32^  of  Beaum^'s  hydrometer;  the  solnlion  is  then  very  slowly 
1,  and  when  the  temperature  fiOls  to  about  133**  the  salt  is  deposited.    It  is 

to  ba  more  oontenient  for  the  nae  of  jewellers  than  common  borax,    ilmi.  de 

GMm.  dt  Pk^.  mni.  41f . 
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when  fiill,  stop  it  by  applyinjg  the  thumb.  Then  inrert  the  bottle  in 
of  pure  potassa  contained  in  a  cup,  and  rather  ezceodinc  io  qaantitj  wbM  m 
sufficient  to  fill  the  bottle.  The  solution  will  rise  into  the  Dottle,  and  if  the  |B 
be  pure,  will  fill  it  entirely.  Pour  out  the  alkaline  liquor,  fill  the  bottle  with  va* 
ter,  and  again  displace  it  by  the  gas.  Proceed  as  before,  and  repeat  the  pieeHi 
several  times.  It  will  be  found  that  the  solution  will  condense  many  '*  '' 
bulk  of  the  ^ ;  whereas  water  combines  only  with  its  own  Tolume. 

This  ezpenmeot  may  be  made  in  a  much  more  striking  manner,  orer 
ry,  by  passing  into  a  jar,  about  three  fourths  filled  with  this  gas,  e  eompanlivi* 
ly  small  bulk  of  a  solution  of  pure  potassa,  which  will  condense  the  whole  sf  a 
lar;^  quantity  of  the  ^.  Ir  dry  hydrate  of  potassa  be  substituted  in  this  ss* 
penment,  no  change  will  ensue  ;  which  proves  that  solution  is  eaaential  id  At 
action  of  alkalies  on  this  gas.  A  solution  of  potassa,  which  has  condeassi  il 
the  carbonic  acid  it  is  capable  of  absorbing,  when  evaporated  to  dryMsi^  i^ 
fords  carlxmate  of  potassa.    H.  1.  541. 

1476.  This  salt  is  fusible  without  decomposition,  at  a  red  hm: 
it  is  very  soluble  in  water,  and  deliquesces  by  exposure  to  air, 
forming  a  dense  solution,  once  called  oil  of  tartar  per  deligMm 
Its  taste  is  alkaline,  and  it  renders  vegetable  blues  green. 

The  solution  of  carbonate  of  potassa  will  be  found  tohmt 
much  milder  taste  than  the  pure  alkali,  and  no  longer  to  destroy  thf 
texture  of  woollen  cloth ;  but  it  still  turns  to  green  the  blue  infoMt 
of  vegetables. 

1477.  The  great  consumption  of  this  article  in  various  maasfe 
tures  is  exclusively  supplied  by  the  combustion  of  vegetablesi  aol 
consequently  its  production  is  almost  limited  to  those  countries  wUek 
require  clearing  of  timber,  or  where  there  are  vast  natural  foicM 
The  English  market  is  chiefly  supplied  from  North  Ameriei.  V 
any  vegetable  growing  in  a  soil  not  impregnated  with  sea-alt  bt 
burned,  its  ashes  will  be  found  alkaline  from  the  presence  of  cl^ 
bonate  of  potassa.  If  the  ashes  be  submitted  to  heat^  so  as  to  bom 
away  the  carbonaceous  matter  entirely,  they  become  a  white 'bw 
generally  termed  pearl-ash.* 

1478.  Bi'carbonate  of  Potassa,  K0+2C0',  47.15  1  eq.  bBie+ 
44.24  2  eq.  acid  =  91.39  eq. ;  in  crystals  with  9  or  1  eq.  water  ^ 

100.39.  This  salt  is  formed  by  passing  a  current  of  C  into  a  sob- 
tion  of  the  carbonate  ;  or  by  evaporating  a  mixture  of  the  carbossMi 
of  ammonia  and  potassa,  the  ammonia  being  dissipated  in  a  pan 
state.  By  slow  evaporation,  the  bicarbonate  is  deposited  from  tht 
liquid  in  hydrated  prisms  with  eight  sides,  terminated  with  dihsdni 
summits. 

1479.  This  salt  is  milder  than  the  carbonate.     It  does  not  tin 

?[uesce  on  exposure.     It  requires  4  times  its  weight  of  water  at  tf 
or  solution.     At  a  low  red  heat  it  is  converted  into  the  carboasia 

1480.  Carbonate  of  Soda,  NaO+CO'  31.3  1  eq.  base  +  Sftttl 
eq.  acid  =  53.42  eq. ;  in  crystals  with  90  or  10  eq.  water  =r|4MI 
with  03  or  7  eq.  water  =  116.42  eq.,  is  chiefly  obtained  by  theesB* 
bustion  of  marine  plants,  the  ashes  of  which  afford,  by  lixiviatioB,# 
impure  alkali  called  «(K2a.  Two  kinds  of  rough  soda  occur  k  lb 
market :  barilla  and  kelp ;  besides  which,  some  native 
soda  is  also  imported.     Barilla  is  the  semlfused  ash  of  the 


*  For  ascrrtainioe  the  value  of  different  samples  of  pearlash,  that  is  fe 
the  qoantity  of  real  carbonate  of  potassa  in  a  giren  weight  of  impve 
(•10.)  *^ 
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sodtu  which  is  largely  cultivated  upon  the  Mediterranean  shore  8«ct.  i. 
of  Spain,  in  the  vicinity  of  Alicant.  Kelp  consists  of  the  ashes  of 
sea-weeds,  which  are  collected  upon  the  sea  coast  and  burned  in 
kilns,  or  merely  in  excavations  made  in  the  ground  and  surrounded 
by  stones.  It  seldom  contains  more  than  6  per  cent,  of  carbonated 
alkali,  and  about  24  tons  of  sea-weed  are  required  to  produce  one  ton 
of  kelp.  The  best  produce  is  from  the  hardest  Juci^  such  as  the 
serraius,  digiiatus,  nodosus,  and  vesiculosus.^  The  rou^h  alkali  is 
contaminated  by  common  salt,  and  impurities,  from  which  it  may  be 
separated  by  solution  in  a  small  portion  of  water,  filtrating  the  solu- 
tioD,  and  evaporating  it  at  a  low  heat ;  the  common  salt  may  be 
skimmed  off  as  its  crystals  form  upon  the  surface.! 

1481.  It  crystallizes  in  rhombic  octohcdrons,  the  acute  angles  re-  Cryitalt. 
nernlly  truncated.     The  crystals  effloresce,  and  when  heated  dissolve 

Id  their  water  of  crystallization.     By  continued  heat  they  are  ren- 
dered anhydrous  without  loss  of  carbonic  acid.     They  dissolve  in  Solubility, 
about  two  parts  of  cold,  and  rather  less  than  their  weight  of  boiling 
water;  the  solution  being  alkaline.     The  crystals  usually  contain 
10  eq.  of  water.t 

1482.  Bicarbonate  of  Soda,  NaO+2CO*,  31.3  1  eq.  base  +  Bicarbon- 
44.24  2  eq.  acid  =  76.54 ;  in  crystals  with  9  or  1  eq.  water  =  ■*** 
84.64  eq.  This  salt  is  made  by  the  same  processes  as  bicarbonate 
ofpotassa,  and  is  deposited  in  hydrated  crystalline  grains  by  evapo- 
ntion.  It  is  milder  than  the  carbonate  and  less  soluble,  requiring 
mboul  ten  times  its  weight  of  water  at  60^  for  solution.  It  is  con- 
verted into  the  carbonate  by  a  red  heat. 

1483.  Sesquiearbonate^  2NaO.  3CO^-|-4HO,  occurs  native  in  Afri-  Seaquictr- 
ca«  on  the  banks  of  soda  lakes,  and  is  colled  Trona.^  bonaie. 

1484.  Carbonate  of  Ammonia,     H'N-|-C.  17.16   1  eq.  base  -|- 
22.12  1  eq.  acid  =  39.27  eq.     The  only  method  of  obtaining  the  Carbonate 

substance  so  called  is  by  mixing  perfectly  dry  C  and  NH'.     In  what-  nia. 


•SfcCallocb's  Wfatem  Month,  \.  123. 

the  soda-ash  of  G.  R.  are  i 

ArU  and  Man. 


tThe  crystals  of  Koda-carb.  as  well  as  the  soda-ash  of  G.  R.  are  made  by  the  de. 
mpoaitioo  of  sea-salt ;  for  a  deKcriptioo  of  tbe  process  see  Ure*s  Did, 


iiai. 

t  The  parity  of  barilla  or  other  carlwnates  of  soda,  may  be  ascertained  by  the  alka- 
Bmcter  (6J0).  In  the  analysis  of  barilla  and  kelp,  to  ascertain  the  relatite  proportion 
«f  soda,  it  may  be  nsefal  to  know  that  100  parts  of  dilute  nitric  acid,  specific  gravity 
1.9a,  will  saturate  60  parts  of  dry  carbonate  of  soda,  which  are  equivalent  to  aiwut 
at  of  pare  soda. 

9  PhUlipa  in  Jour,  Sci.  vii. 

8oda  water  i^  a  solution  of  soda  highly  charged  with  carlionic  acid  gas,  whereby  it  aeda  waur. 
•a^iret  a  sparkling  appearance,  and  agreeable  pungent  taste,  and  certain  medicinal 
For  a  plan  and  description  of  the  apparatus  see  lire's  Did.  Arts  and  Man. 

iiaa. 

To  aake  seltzer  water,  for  each  12  lbs.  Troy  take  55  grs.  carh.  soda,  17  carb.  lime,  Stiuw  wmiar. 
IS  carb.  magnesia,  3^  subphosphate  alumina,  3  chloride  potassium.  165  cblor.  sodium, 
«Bd  a  of  finely  precipitated  silica,  this  solution  is  charged  with  303  cubic  inches  of 
muh.  acid  gas.    ibid,  1 1 55. 

Tha  din^/edin^  $oda  liquid  of  Labarraqut  it  prepared  by  the  following  process.  Lab«rrmqM'» 
Piaaolvc  2800  grams  of  crystallized  cnrlionate  of  koda  m  1 .28  pint»  of  water,  having  'mi*h1. 
~"       *  the  solution  in  a  Woulfe's  appsratu*,  pass  through  it  a  current  of  chlorine  gas 
I  from  a  mizture  of  957  grains  of  salt,  and  750  of  ozide  of  maniranese,  acted 
by  967  grains  of  oil  of  vitriol  previously  diluted  with  750  grains  of  water.    The 

, ilion  should  be  conducted  slowly. 

Fog  moat  purposes  the  common  bleaching  powder  sprinkled  about  or  dissolved  in 

itlti  is  quite  aa  eflectual  and  more  economical,  but  for  medical  oaes  the  preparation 
«lmaU  be  more  nicely  attended  to.    See  Quart.  Jour,  af  8d.,  Sue,  N.  S.  i*  236— ii. 

'^   -iii.  64 ;  and  Amer,  Jour,  ftc.  ziv.  261. 
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_cba^y^  e?er  proportion  the  two  gases  be  mixed,  they  unite  only  in  ihe  ntio 
of  1  vol.  of  the  former  to  2  of  the  latter,  and  condense  into  a  while 
powder.  It  is  decomposed  by  water  into  ammonia  and  ihe  aeiqu- 
carbonate. 

Bicarbon.        1485.  Bicarbonate  of  Oxide  of  Amrnonium  is  formed  by  lii» 

ammoDf-     Knitting  a  current  of  C  through  a  solution  of  the  common  carboBMe 

om.  of  ammonia.     On  evaporating  the  liquid  by  a  gentle  heat,  thebkW' 

bonate  is  deposited  in  small  prisms  of  the  right  rhombic  tyiteB, 

having  no  smell,  and  very  little  taste.     It  contains  twice  as  mnchC 

as  the  carbonate.     It  cannot  exist  without  the  presence  of  water,  of 

which  it  contains  22.7  percent.,^  or  2  eq.     It  may  therefore  beoto- 

sidered  as  carbonate  of  basic  water  and  carbonate  of  oxide  of  aoiin^ 

nium,  or  H0.C0'+H*N0.CO«. 

Setqui-  1486.  Sesquic  or  bonate  of  Oxide  of  Ammonium.     The  comnoD 

carlionate    carbonate  of  ammonia  of  the  shops,  Sub-carbonas  Amnumi^B  of  ik 

ammon!-^    Pharmacop.,  is  different  from  both  these  compounds.     It  id  prepind 

um.  by  heating  a  mixture  of  one  part  of  hydrochlorate  of  ammonia  with 

one  part  and  a  half  of  carbonate  of  lime,  carefully  dried.     Dookk 

decomposition  ensues  during  the  process ;  chloride  of  csIciomR- 

mains  in  the  retort,  and  hydrated  sesquicarbonate  of  ammonia  ii 

sublimed.     The  carbonic  acid  and  ammonia  are,  indeed,  in  praiv 

proportion  in  the  mixture  for  forming  the  real  carbonate  :  bat,  ovof 

to  the  presence  of  water,  generated  by  the  combination  of  the  oxmi 

of  the  lime  with  the  hydrogen  of  the  hydrochloric  acid,  part  of  ikr 

ammonia  is  disengaged  in  a  free  state. 

1487.  The  salt  thus  formed  consists  of  34.3  parts  or  2  eaofaa- 
monia,  66.36  parts  or  3  eq.  of  carbonic  acid,  and  IS  parts  or  zeq.af 
water.     It  is,  therefore,  anhydrous  sesquicarbonate  of  oxide  of  aa- 
monium,  or  2H*NO-|-3CO*.     When  recently  prepared,  it  islmii 
compact,  translucent,  of  a  crystalline  texture,  and  pungent  ammoch 
acal  odour;  but  if  exposed  to  the  air,  it  loses  weight  rapidly fraa 
the  escape  of  pure  ammonia,  and  becomes  an  ojKique  brittle  bhi. 
which  is  the  bicarbonate. 
Carbonate       1488.  Carbonate  of  Baryta,  BaO+CO",  7a7  1  eq.  base  +  9ttt 
of  baryta.    1  eq.  acid  =  98.82  eq.,  occurs  abundantly  in  the  lead  mines  of  the 
north  of  England,  where  it  was  discovered  by  Withering,  andku 
hence  received  the  name  of  Witkerite.     It  may  be  prepared  by  mv 
of  double  decomposition,  by  mixing  a  soluble  salt  of  baryta  vitk  ■! 
of  the  alkaline  carbonates  or  bicarbonates.     It  is  anhydrous,  esiW' 
ingly  insoluble  in  distilled  water,  requiring  4300  times  its  weight rf 
water  at  60^,  and  2300  of  boiling  water  for  solution  ;  but  wlwsi^ 
cently  precipitated,  it  is  dissolved  much  more  freely  by  a  9ohiM^ 
carbonic  acid.     It  is  higly  poisonous. 
Carbonate       ^^^^'  Carbonate  of  Strontia,  SrO+CO',  5 1 .8  1  eq.  base  +  *W 
of  tirootia.  1  eq.  acid  =  73.92  eq.,  occurs  native  at  Strontian  in  Argyleih* 
and  is  known  by  the  name  of  Strontianite ;  it  may  be  preparal  ii^ 
same  manner  as  carbonate  of  baryta.  It  is  anhydrous,  and  my  itf^ 
luble  in  pure  water,  but  is  dissolved  by  an  excess  of  carbonic  aeil 
Carbonate       1490.  Carbonate  of  Ume.    CaO+CO^  28.5  1  eq.  base  +tti^ 
<>^^i°>^      acid  =  50.62  eq.     This  salt  is  a  very  abundant  natural  prod^bia 

*  Beneliaa. 
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and  occurs  under  a  ffreat  rariety  of  forms,  such  as  common  limestone,  ••ct.  i. 
chalk,  marble,  and  Iceland  spar,  and  in  regular  anhydrous  crystals, 
the  density  of  which  is  2.7.  Though  sparingly  soluble  in  pure 
water,  it  is  dissolved  by  carbonic  acid  in  excess ;  and  hence  the 
spring-water  of  limestone  districts  always  contains  carbonate  of  lime, 
which  is  deposited  when  the  water  is  boiled. 

1491.  Lime  has  a  strong  attraction  for  carbonic  add,  but  not  when  Carbooaie. 
perfectly  dry  ;  for  if  a  piece  of  dry  quicklime  be  passed  into  a  jar  of 
carbonic  acid  gas  over  mercury,  no  absorption  whatever  ensues. 

But  if  A  bottle,  filled  with  carb.  acid  gas,  be  inverted  o\'er  a  mixture  oflime  and  Rtm. 
water  of  the  consistence  of  cream,  a  rapid  absorption  will  be  observed,  especially 
if  the  bottle  be  agitated;  or  if  a  jar  or  bottle,  filled  with  carbonic  acid,  be  brought 
over  a  vessel  of  lime  water,  on  agitating  the  vessel,  a  rapid  diminution  will  ensue, 
mnd  the  lime  water  will  become  milky. 

1492.  When  a  shallow  vessel  of  lime   water  is  exposed  to  the  Action  of 
air,  a  white  crust  forms  on  the  surface,  and  this,  if  broken,  falls  to'i'- 

the  bottom,  and  is  succeeded  by  another  till  the  whole  of  the  lime  is 
precipitated  from  the  solution.  This  is  owing  to  the  absorption  of 
carbonic  acid  gas  from  the  air  by  the  lime,  which  is  thus  rendered 
insoluble  in  water.  Dry  lime,  also,  when  exposed  to  the  atmosphere, 
first  acquires  moisture,  and  having  become  a  hydrate,  next  absorbs 
carbonic  acid.  In  a  sufficient  space  of  time,  all  the  characters  dis- 
tinguishing it  as  lime  disappear,  and  it  acquires  the  property  of 
efiervescing  with  acids.  The  strong  affinity  of  lime  for  carbonic  acid 
enables  it  to  take  this  acid  from  other  substances.  Thus  carbonates 
of  alkalies  arc  decomposed  by  lime.     h.  i.  687. 

1493.  The  carbonic  acid  existing  in  carbonate  of  lime  is  expelled  Carbonic 

by  a  strong  red  heat.     II  distilled  in  an  earthen  retort,  carbonic  acid  ?*^l''."J*^* 
■      u.   •      J         II-  •       •     *L         .     .  •  .'    led  hy  heat. 

gas  IS  obtamod,  and  nme  remains  in  the  retort  in  a  pure  or  caustic 

state.     By  this  process  carbonate  of  lime  loses  about  45  per  cent. 

1494.  Carbonate  of  Magfiesia,  MgO+CO^  20.7  1  eq.  base  +  Carbonate 
22.12  1  eq.  acid  =  42.82  eq.  ;  in  crystals,  with  27  or  3  eq.  water  =  ©f  in«gn«- 
09.82.     It  is  met  with  occasionally  in  rhombohedral  crystals,  and  in 

a  pulverulent  earthy  state,  but  more  commonly  as  a  compact  mineral 
01  an  earthy  fracture  called  magnesite.  It  is  abundant  in  the  East 
Indies,  of  a  snow-white  colour,  of  density  2.56,  and  so  hard  that  it 
strikes  fire  with  steel.*  It  is  obtained  in  minute  transparent  hexa- 
gonal prisms  with  three  eq.  of  water,  when  a  solution  of  bicarbonate 
of  magnesia  evaporates  spontaneously  in  an  open  vessel.  The  crys- 
tals lose  their  water  and  become  opaque  by  a  very  gentle  heat,  and 
eren  in  a  dry  air  at  60°.  By  cold  water  they  are  decomposed, 
yielding  a  soluble  bicarbonate,  and  an  insoluble  white  compound 
of  hydrate  and  carbonate  of  magnesia ;  and  hot  water  produces  the 
aame  change  with  disengagement  of  carbonic  acid,  without  dissolv- 
ing any  magnesia.t 

1496.  When  carbonate  of  potassa  is  added  in  excess  to  a  hot  solu- 
tion of  sulphate  of  magnesia,  a  white  precipitate  falls,  which  after 
being  well  washed  has  been  long  considered  as  pure  carbonate  of 
magnesia  ;  but  Berzelius  has  shown  that  it  consists  of  the  following 
ingredients : — 

*  Ann.  qf  Pkikm.  zvii.  8S8.  t  Bcnvlraa. 
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Cliap.  ▼.  Magnetia  44.75  82.8    or  4  eq.  >  p^.  . ,    ^         ,    . 

CaSonicacid  35.77  66.36  or3  eq.vJJSSSATSS^JSnn. 

Water  19.48  36       or  4  e^.  J  *'«"-*"^H-^*'«^^™^ 

100.00  185.16  or  leq. 

This  compound  is  said  to  require  2493  parts  of  cold,  and  9000  tf 
hot  waler  for  solution.     It  is  freely  dissolved  by  a  solution  of  caiW- 
nic  acid,  bicarbonate  of  magnesia  being  generated  ;  but  on  allawiii| 
the  solution  to  evaporate  spontaneously,  carbonic  acid  is  giveioC 
and  crystals  of  the  hydrated  carbonate  above  mentioned  are  o^ 
tained. 
Carbooate       1 496.  Carbonate  of  Protoxide  of  Iron.     FeO+  C  O*,  36  1  eq.  boe 
^SS^"***+.22.12  1  eq.  acid  =  68.12  eq.     Carbonic  acid,  with  the  proioiide 
of  iron,  constitutes  a  salt  which  is  an  abundant  natural  prodoctioB, 
occurring  sometimes  massive,  and   at  other   times  crystallized  Id 
rhombohedrons.     This  protocarbonate  is  contained  also  in  most  of 
the  chalybeate  mineral  waters,  being  held  in  solution  by  free  carbo- 
nic acid  ;  and  it  may  be  formed  by  mixing  an  alkaline  carbouli 
with  the  sulphate  of  protoxide  of  iron.     When  prepared  by  pRCfi* 
tation  it  attracts  oxygen  rapidly  from  the  atmosphere,  and  the  pf^ 
toxide  of  iron,  passing  into  the  state  of  sesquioxide,  parts  wiik 
carbonic  acid.     For  this  reason,  the  carbonate  of  iron  of  the  Phi^ 
roacop.  is  of  a  red  colour,  and  consists  chiefly  of  the  sesquiozide. 
Dicarboa-        14^7.  Bicarbonate  of  Protoxide  of  Copper.  2CuO4-C0*,  79il 
ate  of  pro-  eq.  base  +  22.12  1  eq.  acid  =  101.&  eq.*     It  occurs  as  a  hydrtt 
^per.       ^"  ^^®  beautiful  green  mineral  called  malachite;  and  the  saroeeoa- 
pound,  as  a  green  powder,  the  mineral  green  of  painters,  maybi 
obtained  by  precipitation  from  a  hot  solution  of  sulphate  of  protoxide 
of  copper,  by  carbonate  of  soda  or  potassa.     When  obtained  frost 
cold  solution,  it  falls  as  a  bulky  hydrate  of  a  greenish-blue  colosr, 
which  contains  more  water  than  the  green  precipitate.     Bycirdil 
drying  its  water  may  be  expelled.     When  tne  hydrate  is  boiMAr 
a  long  time  in  water,  it  loses  both  carbonic  acid  and  combined  «alA 
and  the  colour  changes  to  brown.     The  rust  of  copper,  prepared  bf 
exposing  metallic  copper   to  afr  and  moisture,  is  a   bydraled  it 
carbonate. 

The  blue  pigment  called  verditer,  prepared  by  decomposing  wt 

trate  of  protoxide  of  copper  with  chalk,  has  a  similar  compositisD.t 

Carbon-  1498.  Carbonate  of  Protoxide  of  Lead.     111.6   1  eq.   base 'f 

ate  of  pro-  22.12  1  eq.  acid  =  133.72  eq.     This  salt,  which  is  the  vMubd 

toj^deof     Of  ceruse  of  painters,  occurs  native  in  white  prismatic  c^yst^d^ 

rived  from  a  right  rhombic  prism,  the  sp.  gr.  of  which  is  6.72.    bii 

obtained  as  a  white  pulverulent  precipitate  by  mixing  solutions  oftf 

alkaline  carbonate  with  acetate  of  protoxide  of  lead  ;  and  it  ispir 

pared  as  an  article  of  commerce  from  the  subacetate  by  a  cuncM^ 

*In  Malachite  with  9  or  I  eq.  water  eq.  110.32. 

KtiMr't  vcniu     "^  There  is  a  fine  hlue  cupreoua  preparation,  called  Rqfincr*B  VerdUer,  pnadftXh 
tar-  hy  tilTcr  reflners.     Il  consists,  according  to  Phillips,  of  three  proportiooaiaaffl 

(our  of  carbonic  acid,  and  two  of  water.  {Quart.  Jour,  f^f  Sd  !▼.  277.) 
According  to  Pelletier,  a  good  verditer  may  he  obtained  as  follows :  add  • 

quantity  of  lime  to  nitrate  ofcouper  to  throw  down  the  oxide ;  it  gives  a 


cipitate  that  is  to  be  waahed  ana  nearly  dried  upon  a  straiosr ;  then  iacarpsmc  fU^ 
from  eight  to  tan  par  ocnt.  of  fresh  lima,  whidi  will  mvs  it  a  Una  colov,  latf  I7* 
carafally.    For  proeessaa  tsa  Ura'a  Did.  Art:  and  Man.  tS74. 
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rbooic  acid ;  by  exposing  metallic  lead  in  minute  diyision  to  air   Stcun. 

id  moisture  ;  and  by  the  action  on  thin  sheets  of  lead  of  the  va- 

ur  of  vi negate  by  which  the  metal  is  both  oxidized  and  converted 

to  a  carbonate.  "V 

1499.  Double  Carbonates.     One  of  the  most  remarkable  of  these  Double  car- 

the  double  carbonate  of  lime  and  magnesiai*  which  constitutes  d^  bonatM. 

Derals  called  bitter-spar,  pearl-spar,  and  Dolomite.    The  two  ror- 

it  occur  in  rhombohedrons  of  nearly  the  same  dimensions  as  car- 

nate  of  lime.     Some  specimens  consist  of  the  two  carbonAes  in  the 

io  of  their  equivalents ;  but  this  ratio  is  very  variable,  since  iso- 

nphous  substances  crystallize  together  in  all  proportions,  t.  9l  L.  706. 


Section  II.     Order  2d,     Hydro- Salts. 

This  section  includes  those  salts,  the  acid  or  base  of  which  con-  Hvdrt* 
Dit  hydrogen.  The  salts  formerly  called  muriates  or  hydrochlorates  ^^' 
metallic  oxides,  have  been  already  described  as  chlorides  of  metals; 
alto  those  of  hydriodic  and  other  hydracids;  the  neutralizing 
«er  of  the  acids  being  considered  as  due  to  the  direct  union  of  the 
orine,  iodine,  &c.,  with  the  metal  itself.  Some  of  these  com- 
lods  may  be  more  properly  placed  in  the  fourth  section,  as  in 
VOL  the  hydracid  acts  rather  as  a  base  or  electro-positive  ingredient, 
ID  as  an  acid  or  electro-negative  substance.t 

1500.  The  compounds  of  ammonia  with  the  hydracids  may  be  Ammoni- 
icribed  as  chlorides  of  the  hypothetical  radical  ammonium.  *•• 

L601.  Ammoniacal  Salts  are  recognized  by  the  addition  of  pure 
or  lime,  when  the  odour  of  ammonia  may  be  perceived, 
which  contain  a  volatile  acid  may  in  general  be  sublimed 
Aioat  decomposition  ;  but  the  ammonia  is  expelled  by  heat  from 
m%  acids  which  are  much  more  fixed  than  itself. 

1002.  Hydrochlorate  of  Ammonia^  H'N+HCl,  17.15  1  eq.  base  HydrochJo- 
36.42  1  eq.  acid  =  53.57.     This  zvAi,  sal  ammoniac  of  commerce,  ^^p^  «ni- 
•  formerly  imported  from  Egypt,  where  it  is  procured  by  subli-  "**""'• 
tion  from  the  soot  of  camel's  dung;   but  it  is  now  manufactured 
seTeral  processes.     The  most  usual  is  to  decompose  sulphate  of 
monia  by  the  chloride  either  of  sodium  or  magnesium,  #hen 
lUe  decomposition  ensues,  giving  rise  in  both  cases  to  hydro- 
orate  of  ammonia,  and  to  sulphate  of  soda  when  chloride  of  so- 
m  18  used,  and  to  sulphate  of  magnesia  when  chloride  of  mag- 
jom  18  employed.     The  sal  ammoniac  is  afterwards  obtained  in  -^ 

mre  state  by  sublimation.  The  method  now  generally  used  for 
aioing  sulphate  of  oxide  of  ammonium  is  to  decompose  with 
phuric  acid  the  hydrosulphate  and  hydrocyanate  of  ammonia 
ich  is  collected  in  the  manufacture  of  coal-gas ;  but  it  may  also 
procured  either  by  lixiviating  the  soot  of  coal,  which  contains 
phate  of  oxide  of  ammonium  in  considerable  quantity,  or  by  di- 
iting  with  gypsum  impure  sesquicarbonate  of  oxide  of  ammonium, 
boDate  of  ammonia,  procured  from  the  destructive  distillation 


^|OC0N-CaOC0>.    60.82  1  tq-  carb.  lixM  +  42.82  t  eq.  ctfb.  nwg.  s  13.44  tq. 
8m  Kant's  obtemticmt  in  Dublin  Jew.  ^  Sd.  i.  26S. 
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of  bones  and  other  animal  substances,  so  as  to  form    an  insolnUe 
carbonate  of  lime  and  a  soluble  sulphate  of  oxide  of  anrimooium. 

1503.  Hydrochlorate  of  ammonia  has  a  pungent  saline  taste,! 
density  of  1.45,  and  is  tough  and  difficult  to  be  pulverized.  It  bi^ 
luble  in  alcohol  and  water,  requiring  for  solution  tliree  timet  itt 
weight  of  water  at  60^,  and  an  equal  weight  at  212**.  It  uraiUr 
crystallizes  from  its  solution  in  feathery  crystals,  but  sometimciii 
cubes  or  octobedrons.  At  a  temperature  below  that  of  igaitioo  it 
sublimes  without  fusion  or  decomposition,  and  condenses  on  cod 
surfaces  as  anhydrous  salt,  which  absorbs  humidity  in  a  damp ^ 
mosphere,  but  is  not  deliquescent  In  commerce  it  usually  ooconti 
procured  by  sublimation,  in  white  cakes,  hard  and  somewhat  eknic. 

1504.  Native  Hydrochlorate  of  Ammoma^  occurs  massive  uJ 
crystallized,  in  the  vicinity  of  volcanoes,  and  in  the  cracks  and  pom 
of  lava,  near  their  craters.  An  efRorescence  of  native  sal  ammoniic  ii 
sometimes  seen  upon  pit-coal.  Its  colour  varies  from  the  admixtiR 
of  foreign  matter,  and  it  is  frequently  yellow  from  the  pretenoe of 
sulphur.  It  is  said  that 'considerable  quantities  ofnatire  sal-smiB^ 
niac  are  also  found  in  the  country  of  Bucharia,  where  it  occun  witk 
sulphur  in  rocks  of  indurated  clay.  The  ancients,  accordingly 
Pliny,  called  this  salt  ammoniac^  because  it  was  found  near  the  tei» 
pie  of  Jupiter  Ammon,  in  Africa. 

1505.  This  salt  may  be  produced  di-  ^>I*  J^*- 

rectly  by  means  of  the  apparatus  (Fie. 
186.)  Into  one  of  the  retorts  a  small 
quantity  of  hydrochloric  acid  or  the 
materials  from  which  the  acid  gas  is 
usually  obtained  (628,)  is  introduced ; 
and  into  the  other  liquid  ammonia  ^or 
the  mixture  of  lime  and  hydrochlo- 
rate of  ammonia  (729.)  The  evolved 
gases  passing  into  the  globe  unite 
producmff  dense  clouds  of  hydrochlorate  of  ammonia  which  concrete  upMlk 
inner  sunacc. 

We  may  also  form  it  by  mixing  over  mercury,  equal  mrasuret  of  am—if' 
gas,  and  hydrochloric  acid  gas,  which  are  entirely  condensed  into  a  white  «H- 

1506.  Sal-ammoniac  is  used  in  the  arts  for  a  variety  of  paqiOKi 
especially  in  certain  metallurgic  operations.  It  is  used  in  tinniap 
to  prevent  the  oxidation  of  the  surface  of  copper  ;  and  small  qotf* 
tities  are  used  by  dyers.  Dissolved  in  nitric  acid,  it  forms  the  ^ 
regia  of  commerce,  used  for  dissolving  gold,  instead  of  a  miztnieiC 
nitric  and  hydrochloric  acids  (637.)^ 

1507.  Hydrofluate  of  Amnumia,  ITN+HF,  36.83  eq.  It  kff 
pared  by  mixing  1  part  of  sal  ammoniac  with  2i  of  fluoride  oi  i^ 
dium,  both  dry  and  in  fine  powder,  gently  heating  the  mixtait  ii 
a  platinum  vessel,  and  receiving  the  sublimed  salt  in  a  second^ 
tinum  vessel,  the  temperature  of  which  is  not  allowed  to  vid 
212**. 

1509.  Hydrosulphate  of  Ammonia,  IPN+HS,  17.15  1  e^hK 
+  17.1  1  eq.  acid  =  34.25.  This  salt,  also  called  hydrosolptat 
of  ammonia,  and  formerly  ihe  fuming  liquor  of  Boyitf  is  ptvptfi' 
by  heating  a  mixture  of  one  part  of  sulphur,  two  of  sal  amnoiiKi 

*  HydriodaU,  HSN+HI,  17.16  base  +  127.3  1  eq.  add  =  144.tt  eq.,  wai  4^ 
bromate  ofammanioj  may  be  formed  by  similar  procettes. 


Sidphur-SaUi. 
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and  two  of  unslaked  lime.  The  volatile  products  are  ammoDia  and  Stcuiu, 
I  hydrosulphate  of  ammonia  ;  and  the  fixed  residue  consists  of  sul- 
I  phate  of  lime  with  chloride  and  sulphuret  of  calcium.  The  hy- 
;  droaulphuric  acid  is  formed  from  the  hydrogen  of  hydrochloric  acid 
I  imiting  with  sulphur,  and  the  oxygen  of  the  sulphuric  acid  is  de- 
rived from  decomposed  lime,  the  calcium   of  which  is  divided  be- 

■  tween  the  chlorine  of  the  hydrochloric  acid  and  the  sulphur.     Hy- 
(    droaulphate  of  ammonia  may  also  be  formed  by  the  direct  union  of 

■  ita  constituent  gases,  and  if  they  are  mixed  in  a  glass  globe  kept 

i:    cool  by  ice,  the  salt  is  deposited  in  crystals.     It  is  much  used  &s  a  „ 
fr    n^ent,  and  for  this  purpose  is  usually  prepared  by  saturating  a  so- 
jr    lotion  of  ammonia  with  hydrosulphuric  acid  gas.^ 
I       1609.  Salts  of  Phosfhuretted  Hydrogen.    Phosphuretted  hydro- 

£D  is  a  feeble  alkaliue  base,  which  combines  with  some  of  the  hy- 
icids. 

The  salt  best  known  is  the  hydriodate  of  phosphuretted  hydrogen, 
first  noticed  by  Gay-Lussac,  which  is  formed  of  127.3  parts  or  1  eq. 
of  acid  and  34.4  parts  or  1  eq*  of  base,  and  crystallizes  in  cubes. 


Section  III.     Order  Sd.     Sulphur' Salts, 

The  compounds  described  in  this  section  are  double  sulphurets,  soipbor- 
just  as  the  oxy-salts  in  general  are  double  oxides.  Their  resem-  lalta. 
Haoce  in  composition  to  salts  is  perfect.  The  principal  sulphur'bo' 
am  are  the  protosulphurets  of  potassium,  sodium,  lithium,  barium, 
•tnmtium,  calcium,  and  magnesium,  and  hydrosulphate  of  ammo- 
am  ;  and  the  principal  sulphur-acids  are  the  sulphurets  of  arsenic, 
ODtiiDony,  tungsten,  molybdenum,  tellurium,  tin,  and  gold,  together 
with  hydrosulphuric  acid,  bisulphuret  of  carbon,  and  sulphuret  of 
oeleoium.  The  sulphur-salts  with  two  metals  are  so  constituted, 
that  if  the  sulphur  in  each  were  replaced  by  an  equivalent  quantity 
of  oxygen,  an  oxy-salt  would  result.  The  analogy  between  oxy- 
Mlti  and  sulphur-salts  is  rendered  still  closer  by  the  circumstance 
dMt  hydrosulphuric  and  hydrosulphocyanic  acids  have  the  charac- 
Itristic  properties  of  acidity,  and  unite  both  with  ammonia  and  with 
adphur-bases. 

The  talphur-salts  may  be  divided  into  families,  characterized  by  D^^ig^^^f 
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1Kb.     The  product  in  the     *  '    '     '     '  ' *''^* »-' — " 

MUoy',  may  oe  mixed  with  the  water  in  /^,  and  the  whole  used  for  washing  out  the 
a.    Il  is  retained  in  the  pharmaoopssia,  and  may  be  extemporaneously  made 

■"**■'*       tobeftinr 
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Ch>p.v.  containing  the  same  sulphur-acid.  For  the  purpose  of  indkatiog 
that  such  salts  are  double  sulphurets,  as  well  as  to  distinguish  Um 
readily  from  other  kinds  of  salts,  the  generic  name  of  emch  family 
may  be  constructed  from  the  sulphur-acid  terminated  with  sulphaict 
Thus  the  salts  which  contain  persulphuret  of  arsenic  or  hydronl- 
phuric  acid  as  the  sulphur-acid  are  termed  ar$enuh^ulphureti  iid 
hydro-ndphurets  ;  and  a  salt  composed  of  each  of  these  sulphih 
acids  with  sulphuret  of  potassium  is  termed  arsenio'adphMTei  iid 
kydrosulphuret  of  sulphuret  of  potassium.  For  the  sake  of  hre»W 
the  metal  of  the  base  may  alone  be  expressed,  it  being  undenlMi 
that  the  positive  metal  in  a  sulphur-salt  enters  as  a  protosulpbonl 
into  the  compound. 
HTdro-  1510.  Hydro- Sulpkurets.    The  sulphur-salts  contained  in  Ab 

talphur«t8.  group  have  hydro-sulphuric  acid  for  their  electro-negative  ingredie* 
Most  of  them  which  have  been  studied  are  soluble  in  water,  nd 
may  be  obtained  in  crystals  by  evaporation.  Thoy  are  decomposed 
by  exposure  to  the  air,  yielding  at  first  bisulphurets  of  the  nddL 
and  then  a  hyposulphite.  By  acids  the  hydrosulphuric  acid  is  ci- 
nelled  with  enervescence 
Hydro-wl-  jfiH.  Hydro-sulphuret  of  Potassium,  KS+HS,  65.26  1  eq.  lol- 
5oS2ri^.  Phur-base  +  17.1  1  eq.  sulphur  acid  =  72.35  eq.  This  salt  is  ^ 
tained  in  the  anhydrous  state  by  introducing  anhydrous  carbooiie 
of  potassa  into  a  tubulated  retort,  transmitting  through  it  a  cancst 
of  hydrosulphuric  acid  gas,  and  heating  the  salt  to  low  redness. 

Procett.  Tho  same  aait  ii  prepared  id  the  moist  way  by  introducing  a  solutioii  ^J^ 

potassa,  free  from  carbonic  acid,  into  a  tubulated  retort,  expelling  almmuhMK 
air  by  a  current  of  hydrogen  gas,  and  then  saturating  the  solution  with  h}^ 
sulphuric  acid.  At  nrst  the  potassa,  as  in  the  former  process,  interchanges sb- 
ments  with  the  gas,  yielding  water  and  protosulphuret  of  potSMaiam;  ^ 
which  the  protosulphuret  unites  with  hydrosulphuric  acid.  Tbe  seloMa 
should  be  evaporatea  in  the  retort  to  the  consistence  of  syrup,  a  carresi  of  l^- 
droffen  fas  being  transmitted  through  the  apparatus  the  whole  time;  asd  • 
cooling  the  salt  crystallizes  in  large  four  or  six  sided  prisms,  which  m  osls»> 
less  if  air  was  perfectly  excluded. 

Hydro-sjl-     1512,  Hydrosulphuret  of  Barium,  BaS+HS,  84.8  1  eq.  sulpkw 

EaliSi       ^8e»  +  17.1  acid  =  101.9  eq.     It  is  prepared  by   the  actioo  rf 

hydrosulphuric  acid  on  a  solution  of  baryta  with  the  precautioBi  it 

ready  mentioned  for  excluding  atmospheric  air,  and  crystallisi  tf 

evaporation  in  four-sided  prisms,  which  are  very  soluble  iD  «■!«.* 

Carbo-  1513.  Carbo-sulphurets,     The    acid  of  these  sulphur-salts  ii  ^ 

salphiireu.  sulphuret  of  carbon. 

^h^to?'  1514.  Carbo'sulphuret  of  Potassium,  KS+CS\  65.25  vAjkn-k- 
pouuMiun.  ^'^  sulphur  acid  =  93.57  eq.  On  agitating  bisutphuret  of  a^ 
bon  with  a  strong  alcoholic  solution  of  protosulphuret  of  potawiiH 
the  liquid  when  set  at  rest  separates  into  three  layers,  the  lowsrti' 
which  is  carbo-sulphuret  of  potassium,  and  is  of  the  consisteneerf 
syrup.  Another  process  is  to  digest  bisulphuret  of  carbon  at  Sf 
in  a  corked  bottle  full  of  a  strong  aqueous  solution  of  fi^ 
sulphuret  of  potassium,  until  the  latter  is  saturated.  A  eooetf* 
tratcd  solution  of  this  salt  is  of  a  deep  orange,  almost  red  cobtfi 

*  For  other  hydrosulphureu  and  carbo-salphoreu  sea  Turaar  and  Litbi|% 
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mnd  when  evaporated  at  86^  to  the  consistence  of  syrup,  a  delioues*    8ta.HL 
cent  yellow  crystalline  salt  is  deposited,  which  is  sparingly  soluble 
in  alcohol. 

1515.  Carbo-sulphuret  of  Hj/drosulphaie  of  Ammonia^  (IPN-|-  C>Tbo-tiil- 
HS)  +  CS^  34.25   1  eq.  sulphur  +  38.32  1  eq.  sulphur  acid  =  t^^^l 
72.57  eq.     This  salt  is  prepared  by  filling  a  bottle   with   10  mea-  phate  of 
•ares  of  nearly  absolute  alcohol  saturated  with  ammoniacal  gas  and  ^mmooia. 
I  measure  of  bisulphuret  of  carbon,  and  inserting  a  tight  cork.     As  ProceM. 
soon  as  the  liquid  has  acquired  a  yellowish  brown  colour,  the  bottle 

it  pluDged  into  ice-cold  water,  when  the  carbo-sulphuret  is  deposited 
•idler  in  yellow  penniform  crystals  or  as  a  crystalline  powder.  The 
whole  is  thrown  upon  a  linen  filter,  and  the  salt  after  being  washed 
first  with  absolute  alcohol  and  then  with  ether,  is  dried  by  pressure 
-  within  folds  of  bibulous  paper. 

1516.  This  salt  is  very  volatile  and  can  only  be  preserved  in  well  Volatik. 
corked  bottles.     Exposed  to  the  air  it  absorbs  humidity  and   ac- 
fttires  a  red  colour. 

1517.  Arsenio'SiUpkiirets.     Berzelius  finds  that  each  of  the  three  Arseoio- 
salphurets  of  arsenic  (page  276)  is  capable  of  acting  as  a  sulphur-  sulpbaretB. 
acid,  giving  rise  to  three   distinct   families   of  sulphur-salts,  distin- 
guishable by  the  terms  arsenio-persulpkurets,  arsenio'Sesquisulphur- 

ils,  and  arseniO'protosulphurets. 

1518.  Persulphuret  of  Arsenic,  is  a  very  powerful  sulphur-acid, 
violently  displacing  hydrosulphuric  acid  from  its  combinations  with 
•alphur-bases,even  at  common  temperatures ;  and  when  digested  with 
futby  or  alkaline  carbonates,  it  expels  carbonic  acid.  The  salts 
of  this  sulphur-acid  may  be  prepared  by  several  methods."^ 

1519.  Most  of  the  arsenio-persulphurets  of  the  second  class  of  Charactert. 
ttetals  are  insoluble ;  but  those  of  the  metals  of  the  alkalies  and  nl- 
kalioe  earths  are  very  soluble  in  water,  have  a  lemon-yellow  colour 

in  the  anhydrous  state,  and  are  colourless  when  combined  with  water 
of  crystallization  or  in  solution.  When  exposed  to  heat  in  close 
Teisels  they  give  off  sulphur,  and  an  arsenio-sesquisulphuret  is  gene- 
rmted.  In  the  solid  state  they  are  very  permanent  in  the  air,  and 
•Tea  in  solution  oxidation  takes  place  with  great  slowness.  When 
decomposed  by  an  acid,  persulphuret  of  arsenic  subsides,  hydrosul- 
pharic  acid  gas  escapes,  and  a  salt  of  the  alkali  is  generated. 

The  salts  in  which  sesquisulphuret  of  arsenic  acts  as  an  acid,  re- 
ible  those  of  the  persulphuret  both  in  their  general  characters  and 
lode  of  formation. 

1£20.  MolyhdO' Sulphur tts.  The  electro-negative  ingredient  ofmoUbdo- 
salts  is  the  tersulphuret  of  molybdenum,  and  the  most  remark-  tulpharets. 
«ble  of  thera  is  the  molybdo-sulphuret  of  potassium,  which  is  readily 
Cimiod  by  decomposing  with  hydrosulphuric  acid  gas  a  rather  strong 
•elotioD  of  molybdate  of  potassa.-  If  no  iron  is  present,  the  liquid 
ewqaires  a  beautiful  red  colour,  like  the  solution  of  bichromate  of 
la,  and  on  evaporation  prismatic  crystals  with  four  and  eight 
are  deposited.     Berzelius  describes  this  compound  as  one  of 

most  beautiful  which  chemistry  can  produce ;  the  crystals,  by 

^nmsmitted  light,  are  ruby-red,  and  their  surfaces,  while  moist  with 

*  For  which  •••  Turner  simI  Liebig*t  JSZnn.  716. 
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otop.  V.    the  solution  which  yielded  them,  shine  like  the  wings  of  certain 
insects  with  a  metallic  lustre  of  a  rich  green  tint.     The  crystak  are 
anhydrous,  dissolve  readily  in  water,  hut  are  insoluble  in  tkohoL 
On  the  addition  of  sulphuric  or  any  of  the  stronger  acids,  a  all  of 
potassa  is  generated  with  escape  of  hydrosulphuric  acid,  and  pRci- 
pitation  of  tersulphuret  of  molybdenum. 
Antimonio-      1521.  Antimonio'Sulphurets,     When  two  parts  of  carbontls  of 
sulphurets.  pQ^^gsa  ^^q  intimately  mixed  with  four  of  sesquisulphuret  of  aDtimo- 
ny  and  one  part  of  sulphur,  and  the  mixture  is  fused,  an  anUOMmi^ 
persulphuret  of  potassium  is  generated.     On  digesting  in  wattt^a 
subantimonio-persulphuret  is  dissolved,  and  is  deposited  by  gctfk 
evaporation  in  large  colourless  tetrahedrons,  which  become  yeltovaa 
exposure  to  the  air. 
Tannto.        1522,   Tung sto- Sulphurets.  The  best  known  of  these  salts  is  tittt  of 
tulphareti.  potassium,  in  which  tersulphuret  of  tungsten  is  combined  with  fn' 
tosulpburet  of  potassium.     It  is  formed  when  a  solution  of  tongiM 
of  potassa  is  decomposed  by  hydrosulphuric  acid,  and  crystallivt  bf 
evaporation  in  flat  quadrilateral  prisms,  which  are  anhydrous,  aaa 
are  of  a  pale  red  colour. 

Section  IV.     Order  ith. .  Haloid  Saiis. 

Haloid  1523.  Under  this  order  are  included  substances  composed  liketk 

■alu.         preceding  salts  of  two  bi-elemeniary  compounds,  one  or  both  of  whiek 

are  analogous  in  composition  to  sea-salt.     The   principal  groan 

consist  of  double  chlorides,  double  iodides,  and  double  fluorides,    b 

these  the  haloid  bases  belong  usually  to  the  electro-positive  metaiii 

and  the  haloid  acids  to  the  metals  which  are  electro-negative*    Tb 

same  principles  of  nomenclature  are  applied  to  them  as  to  the  sal- 

phur  salts. 

HTdrargo-       1524.  Hydrar go-chlorides.     The  haloid  acid   of  this   famQj  i» 

c  on  es.    [ji^jhloride  of  mercury,  which  reddens  litmus  paper,   and  loses  tk 

property  when  a  haloid  base  is  present,  thus  bearing  a  close  anaklf 

to  ordinary  acids.     They  are  obtained  by  mixing  the  ingrediead  ii 

the  ratio  for  combining,  and  setting  aside  the  solution  to  crystalliB' 

The  ammoniacal  salt  has  long  been  known  under  the  name  of  Jirf 

of  alembroth, 

Aaro^hlo-      1525.  Auro-Morides,    The  electro-negative  ingredient  of  Am 

rides.         salts  is  the  terchloride  of  gold.     They  are  prepared  by  mixiiif  Ae 

chlorides  in  atomic  proportions  and  setting  aside  the  solution  toci]f^ 

tallize.     Most  of  them  have  an  orange  or  yellow  colour,  and 

of  single  equivalents  of  their  constituent  chlorides. 

Platioo-  1526.  Platino'chlorides,     Both  the  protochloride  and  bid 

chlorides,    platinum  act  as  haloid  acids.     The  platino-protochloride  of 

is  made  by  mixing  chloride  of  potassium  with  a  solution  of  pnl^ 
chloride  of  platinum  in  hydrochloric  acid.  It  crystallizes  in  rsd,ir 
hydrous  prisms  and  consists  of  single  equivalents  of  its  coottB* 
ent  chlorides. 

1527.  The  Platino-bichloride  of  Hydrochlorate  of  AmimtmktA 
as  a  lemon-yellow  powder,  when  sal  ammoniac  is  mixed  wdfct 
.,  strong  solution  of  bichloride  of  platinum. 

^hu»^.        1528.  Pailaduxhlorides  are  those  in  which  the  chlorides  of  paDi- 
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m  act  as  haloid  acidt,  combining  with  many  of  the  metallic  chio-    Btu  iv. 
?s,  when  their  respective  solutions  are  mixed  and  evaporated. 

1529.  Rhoduxhhrides  are  formed  when  sesquichloride  of  rho-Rbodio- 
im  combines  with  the  chlorides  of  potassium  and  sodium.  chlonde*. 
The  chlorides  of  iridium  and  osmium  act  as  haloid  acids  and  pro- 
re  vriduxhloridei  and  osmUhchlorides. 

1530.  Oxy-chlorides.     Chemists  are  acquainted  with  a  considera-  Oxy-chlo- 
number  of  compounds  in  which  a  metallic  oxide  is  united  with  rides. 

hloride  either  of  the  same  metal,  which  is  the  most  frequent,  or 
>oroe  other  metal.  These  compounds  are  commonly  termed  sub- 
HateSt  on  the  supposition  that  they  consist  of  hydrochloric  acid 
nbined  with  two  or  more  eq.  of  an  oxide. 

1531.  Oxy-chloridesoflron.     When  the  crystallized  protochloride  Oxy-chlo- 
iron  is  heated  without  exposure  to  the  air,  the  last  portions  of  its  P****  ^^ 
let  exchange  elements  with  part  of  the  chloride  of  iron,  yielding 
Irochloric  acid,  which  is  evolved,  and  protoxide  of  iron.     On 

ling  the  heat  so  as  to  expel  the  pure  chloride  of  iron,  a  deep  green 
r-chloride  in  scaly  crystals  remains.* 

1532.  The  ochreous  matter  which  falls  when  a  solution  of  the 
»tochloride  of  iron  is  exposed  to  the  air,  is  hydrated  sesquioxide  of 
Q  combined  with  some  sesquichloride.  A  similar  hydrate  is  ob- 
led  by  mixing  with  a  solution  of  the  sesquichloride  of  iron  a 
intity  of  alkali  insufficient  for  complete  decomposition.  When  a 
Qtion  of  the  sesquichloride  is  evaporated  to  dryness  without  expo- 
e  to  the  air,  the  last  portions  of  water  exchange  elements  with  the 
qnichloride,  hydrochloric  acid  is  disengaged,  and  after  subliming 

pare  anhydrous  sesquichloride,  a  compound  in  large,  brown, 
oing  laminse  is  left,  which  consists  of  sesquioxide  and  sesquichlo- 
B  of  iron.t 

1533.  Ozy-chloride  of  Copper  falls  as  a  green  hydrate  when  po-  Ozy-cblcn 
HI  is  added  to  a  solution  of  chloride  of  copper  insufficient  for  its  ^^^*  of 
nplete  decomposition.     When  its  water  is  expelled  it  becomes  of  *^^'**'' 
Iver-brown  colour.     According  to  Berzelius  it  consists  of  1  eq. 

oride  and  3  eq.  oxide  of  copper. 

1534.  It  is  used  as  a  pigment  under  the  name  of  Brunswick  green,  Brunswick 
ns^  prepared  for  that  purpose  by  exposing  metallic  copper  to  hy-  8^«"' 
chloric  acid  or  a  solution  of  sal-ammoniac.     The  same  compound 
generated  during  the  corrosion  of  copper  in  ses-water. 

1535.  Oxy<hlor%de  of  Lead  is  prepared  by  adding  pure  ammonia  Oxy-chlo- 
a  hot  solution  of  chloride  of  lead.     Another  is  known  under  the  H^^^^ 
ne  of  mineral  or  patent  yellow,  and  is  prepared  by  the  action  of  p^  * .    . 
(ial  sea-salt  on  litharge,  by  which  means  portions  of  th'e  protoxide  \o^  ^^ 
1  aea-salt  exchange  elements,  yielding  soda  and  chloride  of  lead. 

ler  washing  away  the  alkali,  the  mixed  oxide  and  chloride  are 
ed  and  fused. 

1535.  Chlorides  toith  Ammonia,     The  perchlorides  of  tin  and  a  Chlorides 
r  other  metals  absorb  ammonia  at  common  temperatures,  and  most  ^ith  un. 
the  other  chlorides  absorb  it  when   gently  warmed.     Calomel 
lorbs  half  an  equiv.  and  forms  a  black  compound,  but  on  exposure 
the  air  the  ammonia  flies  off,  and  pure  white  calomel  remains. 

*  Bwstliut.  t  Ibid. 
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Chap  V.  Corrosive  sublimate,  by  the  aid  of  heat,  rapidly  absorbs  half  aa  «% 
and  forms  a  white  compound  which  is  insoluble  in  water,  and  hma 
a  considerable  temperature  without  decomposition  ;  the  white  pne^ 
pitate  of  pharmacy  is  probably  analogous  in  nature,  though  the  iibi 
of  its  ingredients  is  diAercnc. 

1537.  Most  of  these  compounds  lose  their  ammonia  by  nieiea> 

posure  to  the  air,  and  it  is  expelled  from  nearly  all  of  them  bf  a 

very  moderate  heat. 

Chlorides        1538.  Chlorides  tvith  pkosphuretted  hydrogen.     Rose  has  tncedi 

wiih  pbns-  remarkable  analogy  between  ammonia  and  phosphuretted  hydngn, 

phuretted    especially  in  the  compounds  which  they  form  with  metallic  chlonlK 

'    The  phosphuretted  hydrogen  is  readily  displaced  by  water*  ora» 

lution  of  ammonia,  from  the  compounds  of  phosphuretted  hydram 

and  the  perchlorides  of  tin,  titanium,  antimony,  iron,   and  alomiM, 

all  of  which  correspond  to  ammoniacal  chlorides  of  similar  compoa* 

tion. 

Double  io-        1539.  Double  Iodides.     These  compounds   have    not  yet  beci 

dides.         closely  studied  ;  but  there  is  no  doubt  that  the  iodides  are  capable  if 

forming  with  each  other  an  extensive  series  of  compounds.     A  firi- 

ety  of  double  iodides  have  been  described  by  Boullay,  and  amoaf 

them  a  compound  of  biniodide  of  mercury  and  hydriodic  acid.*    h 

general  the  double  hydrargo-biniodides  contain  single  cquivalaitfirf 

the  respective  iodides.     Liebig  obtained  a  compound  of  the  bicUr 

ride  and  biniodide  of  mercury,  consisting  of  two  eq.  of  the  fonncrli 

one  eq.  of  the  latter,  as  indicated  by  the  formula,  Hgl*4~SHgCP. 

Several  compounds  of  biniodide  of  platinum  with  other  iodifa 
have  been  studied  by  Kane  and  Lassaigne.t 
p.   .  1540.  Platino'biniodide  of  Potassium^  is  prepared  by  digestinf  ff 

biniodide  of  c^xc^-'^  of  biniodide  of  platinum  in  a  rather  concentrated  solutioarf 
potassium.  ioJiilc  of  potassium.  By  spontaneous  evaporation  it  crystaUimiB 
small  rectangular  plates  surmounted  sometimes  with  a  four-niU 
pyramid,  which  are  anhydrous,  unchanged  in  the  air,  and  insolahb 
in  alcohol.  The  colour  of  the  crystals  is  black  with  a  metallic  ImlRi 
and  they  yield  a  deep  claret-coloured  solution  with  water.  Tb 
biniodide  of  platinum  appears  to  combine  also  with  the  iodide  of  ph* 
tinum  ;  but  the  compound  has  only  been  obtained  in  Solution. 
Platioo-  1541.  Platino'biniodide  of  Hydrogen,     This  compound  eoHrti 

biniodide  of  of  hydriodic  acid  and  biniodide  of  platinum,  in  which  the  femerii 
hydrogen,  fegaf^^d  as  the  electro-positive  element  It  is  prepared  bj  aciBf 
on  biniodide  of  platinum  with  a  cold  dilute  solution  of  hydriifr 
acid,  which  gradually  acquires  a  deep  claret  colour,  and  by  eiapfl^ 
tion  under  *a  bell-jar  with  quicklime,  deposits  black  acicular  crjriik 
The  crystals  become  moist  by  exposure  to  the  air. 
Qxy.jo.  1542.  Oxy 'iodides.    The  principal  oxy-iodides  at  present  kasn 

dides.  to  chemists  are  those  formed  by  the  oxide  and  iodide  of  lead.  Wh* 
iodide  of  potassium  is  mixed  with  acetate  of  oxide  of  lead  in  e»M 
the  yellow  iodide  at  first  formed  combines  with  oxide  of  lead  and  i^ 
quires  a  white  colour ;  and  the  same  compound  is  obtained  dincif 
by  employing  a  subacetate.     Denot  finds  that  there  are  three  tiT 

*  Aim,  de  Chem.  et  de  Phyt,  zzziv. 

t  Dublin  Jour,  ofSd,  i.  S04,  and  Ann,  dt  Chim,  U  dt  Phyt,  U.  iss. 


•iodtdes,  in  which  1  eq.  of  iodide  of  lead  is  united  with  one,  two,  and  f»cujy. 
£▼0  eoaivalents  of  oxide  of  lead. 

1543.  Double  Fhtaridei.    The  reeearchee  of  Berzelius  have  led  to  I>ooble 
the  formation  of  8e?eral  extenaive  families  of  double  fluorides,  in  ^^^"^• 
which  the  fluorides  of  boron,  silicon,  titanium,  and  of  other  electro- 
negative metals  are  the  acids,  and  the  fluorides  of  electro^positive 
metals  are  bases.     In  soipe  instances  hydrofluoric  acid  is  a  haloid 

acid ;  but  more  commonly  it  acts  the  part  of  a  base. 

1544.  Hydro-ftuoridei.    In  this  family  hydrofluoric  acid  is  com-  Hydro- 
Inned  with  the  fluorides  of  electro-positive  metals.    If  an  equivalent  flaoridci. 
of  any  electro-positive  metal  be  indicated  by  M,  then  the  general  for- 
mula for  this  family  is  MF4-HF. 

1545.  Boro'ftuoridei.     When  the  terfluoride  of  boron  (fluoboric  Boro-flua- 
acid  gas)  is  acted  upon  by  water,  one  out  of  every  four  eq.  of  the  <i^* 
gaa  interchanges  elements  with  water,  giving  rise  to  hydrofluoric  ' 
and  boracic  acids,  the  former  of  which  combineii  as  a  haloid-base 

with  ondecomposed  terfluoride  of  boron,  constituting  the  boro-hydro- 
flaoric  acid,  but  which  may  be  viewed  as  the  boro-fiuoride  of  kydro' 
This  change  is  such  that 


4  eq.  tofluoride  of  boron  4  (B-|-3F)  •«  3  tq.  terfluoride  of  boron        3(B+3F) 

*«   3  eq.  hydrofluorio  acid  3(H-4-F) 

and  3  eq.  of  water  3  (H+O)    '>^  and  1  eq.  boracic  acid  Il-f30 

By  careful  concentration  and  cooling,  the  boracic  acid  separates  as  a 
erystalline  powder,  and  the  boro-fluoride  of  hydrogen  remains  in  so- 
lution. It  is  strongly  acid  to  test  paper,  and  its  composition  is  indi- 
cated by  the  formula  HF-|-BF'  being  an  equiv.  of  each  fluoride. 

1546.  Boro-fiuoride  of  Potassium,     It  is  prepared  by  droppini^  p^^  ^^ 
boro-fluoride  of  hydrogen  drop  by  drop  into  a  solution  of  a  salt  ofndeof  po- 
polAsa,  and  falls  as  a  gelatinous  transparent  hydrate,  which  is  a  ^***^*"^ 
white  very  fine  powder  when  dried.     It  has  a  slightly  bitter  taste, 

and  is  quite  neutral  to  test  paper,  is  very  sparingly  soluble  in  alcohol 
and  cold  water,  but  is  dissolved  freely  by  hot  water,  and  subsides  on 
cooling  in  small,  brilliant,  anhydrous  crystals.  At  a  strong  red  heat 
it  gives  ofi*  the  terfluoride  of  boron  and  fluoride  of  potassium  re- 
mains. 

1547.  Silico'fiuorides,    The  acid  solution,  called  silico-hydrofiuoric  sUtco-floo- 
meid  may  be  viewed  as  the  subsesquMlieo  fluoride  of  hydrogen^  a  "^*^ 
compound  of  157.16  parts  or  2  eq.  of  fluoride  of  silicon  and  59.04  or 

8  eq.  of  fluoride  of  hydrogen  (hydrofluoric  acid),  as  indicated  bv  the 
fiyrmula  3HF-f-2SiF  .  When  the  solution  is  neutralized  with  po- 
lassa»  the  alkali  interchanges  elements  with  the  fluoride  of  hydrogen, 
water  and  fluoride  of  potassium  are  generated,  and  the  latter  com- 
bines with  the  fluoride  of  silicon.  This  double  fluoride  consists, 
Iherefore,  of  157.16  parts  or  two  eq.  of  fluoride  of  silicon,  and 
173.49  or  3  eq.  of  fluoride  of  potassium,  the  formula  of  which  is 
3KF-f-2SiF'.  A  similar  change  ensues  with  the  protoxides  of  most 
other  metals,  and  hence  the  general  formula  of  the  silico-fluorides 
ii  3MF-f-2SiF'.  On  exposing  these  compounds  to  a  red  heat,.fluo- 
lide  of  silicon  is  disengaged. 

1548.  Titano-ilMarides.    Hydrofluoric  acid  dissolves  titanic-acid,  Titaao-flo- 
and  forma  with  it  an  acid  eolation  which  mav  be  viewed  M  the  "<>••. 
titano-fluoride  of  hydrogen.    When  mixed  whh  poia^ia,  water  and 
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^^*»»P-^^  fluoride  of  potassiam  are  generated,  and  the  titano-fluoride  of  pD» 
tassium  results,  the  formula  of  which  is  KP-|-TiF*.  Bv  salMtita- 
ting  most  other  protoxides  for  potassa,  similar  salts  may  be  plfpl^ 
ed,  the  general  formula  being  MF-|-TiP. 


CHAPTER  VI. 

ORGANIC    CHEMISTRY. 
Section  I.     Vegetable  Bodies, 


Vefsulto       1649.  The  chemical  principles  of  which  animals  and  vegetiUa 

mineipid.  are  composed  are  exceedingly  numerous.^     We  can  seldom  ohiii 

these  principles  in  a  state  of  such  purity  as  to  enable  us  to  ezamiDS 

their  properties  with  accuracy,  unless  when  they   are  capable  if 

crvstaliizing,  or  of  entering  into  definite  compounds  wilhacidior 

alkalies. 

Com-  1550.  These  principles  are  all  compounds,  and  consist  soroetima 

pooods.      of  two,  sometimes  of  three,  and  sometimes  of  four,  simple  bodies  oih 

ted  together ;  but  seldom  of  more.  These  simple  bodies  are  hydropa 

jBimplt       carbon,  oxygen  and  nitrogen,  which  may  be  considered  as  coDstitaiiif 

^*^'        in  a  great  measure,  the  basis  of  the  animal  and  vegetable  kingdoM- 

Com-  1551.  Organized  principles  composed  of  two  ingredients  are  d 

peaodfl  of  four  kinds.     1,  composed  of  hydrogen  and  carbon,  as  oil  of  tarpn- 

J[f|^^'  tine;  2,  of  hydrogen  and  oxygen,  as  water;  3,  of  carbon  and  nj- 

'        gen,  as  oxalic  acid ;  4,  of  carbon  and  nitrogen,  as  cyanogen, 
or  throe,         1552.  Those  composed  of  three  constituents  are  much  moia  Di- 
merous. 

The  most  common  constituents  are  carbon,  hydrogen  and  oij- 
gen.  The  greater  number  of  the  acids,  alcohol,  ethers,  sogM 
gums,  &c.,  are  thus  constituted. 

Some  few  organized  bodies  are  composed  of  carbon,  hjrdrogo, 

and  nitrogen.     Some  are  supposed  to  be  composed  of  carbon,  aiti» 

gen  and  oxygen. 

Of  four,         1553.  Tne  organic  principles  composed  of  four  constituents,  en- 

sist  of  carbon,  hydrogen,  nitrogen  and  oxygen,  united  in  variia 

proportions.     The  number  of  atoms  of  nitrogen  contained  in  thai 

compounds  is  generally  small  compared  with  that  of  the  ocka 

three  constituents,  and  there  is  almost  always  a  great  prcpondeiaDei 

in  the  atoms  of  carbon  and  hydrogen  over  those   of  nitrogen  ■i' 

oxygen. 

Sopposed        1554.  It  has  been  supposed  by  some  chemists  that  then  ii« 

diiterence    essential  diflerence  between  the  affinities  which  unite   the  attfi 

in  uBniUet 

of  atom*  of       ""  ^ 

orgaDized        *  The  oumher  of  discoTeries  which  have  of  late  been  made  in  this  dcpartafM  ' 

MM  nnor-    chemistry,  is  such  that  the  liroits  of  this  work  will  not  allow  of  a  fall  aaesart' 

sanized       them.    For  minute  details  the  student  must  be  referred  to  the  recent  elal«nie  «iA 

DodiM,         of  Thomson:   ChemUtry  of  Orarnnic  Bodie»t   VegetabUM,    London,  1838,  p.  Iff^ 

and  the  third  part  of  Liehig  anoTumer's  ElemenUi  as  the  former  ia  cnmplfit,H' 

eoroprises  an  account  of  all  the  recent  researches  of  the  European  dMnisit  ii  ^ 

department,  it  will  be  employed  as  the  basis  of  this  chapter.    Of  LicUf  %  eaaii 


tioo  of  Turner^  £(fiii€nte,  hot  100 ptffM  hafa  appaacad.     The  letter  Tvilinfra 
the  first  and  L  to  the  aaoond. 


ting  orgauic  principles,  and  those  which  unite  the  atoms  of    ■•euL 
ized  bodies;  that  there  is  some  unknown '  power  besides 
1  affinity,  which  interferes  with*  and  regulates  the  combina- 
d  decompositions  of  organized  bodies,  which  is  wanting  in 
at  are  unorganized.    The  great  difference  between  the  two 
)f  bodies  consists  in  this,  that  the  organized  are  much   more  ^Jilg^of 
ited  in  their  structure,  containing  a  much-  greater  number  mtoms. 
I  than  the  unorganized.    Hence  they  are  much  more  unsta- 
h  more  easily  decomposed,  and  much  more  liable  to  deebm<- 
than  unorganized  bodies. 

The  prevailing  opinion  is  that  binary  compounds  alone  ex-  PreTiiUiif 
t  is  to  say,  that  one  electro-negative  atom  is  only  capttble  of  opinion. 
Iff  with  one  electro -positive  atom.  Two  of  these  oiiiary 
ids  may  combine  together,  making  a  new  binary  compound 
atoms.  Two  of  these  binary  compounds  may  combine 
:h  other,  making  a  new  binary  compound  of  eight  atoms. 
:his  way  binary  compounds  may  be  formed  as  complicated 
hat  exist.  •    T.  3. 

Many  of  the  principles  or  definite  compounds  which  exist  Crystnlli- 
^getable  kingdom,  or  which  may  be  formed  from  vegetable  <^l*> 
ire  capable  of  crystallizing,  and  in  this  way  may  be  procur- 
itate  of  purity.     Others  are  volatile,  and  are  formed  or  driv-  y  .   ., 
particular  temperatures.     Frequently  several  of  these  vola-  priodpUt, 
BS  occur  together,  and  in  such  cases  we  have  scarcely  the 
f  obtaining  them  in  a  state  of  purity  unless  when  they  en- 
lefinite  and  cry  stall  izable  compounds  with  some  other  sub- 
It  is  not  unlikely  that  all  the  vegetable  principles  may  be  All  may 
•reafter  to  be  capable   of  entering  into  definite  compounds  form  deft- 
er bodies,  and  that  they  will  ultimately  be  possessed  of  the  J^JJ^^ii'* 
r  of  acids  or  bases.     But  there  are  many  which,  so  far  as 
ent  knowledge  extends,  do  not  seem  capable   of  forming 
I  definite  compounds,  thus  caoutchouc  neither  combines 
is  nor  bases.     We  must  consider  such  bodies  as  neutral. 
There  are  also  several  groups  of  bodies  which  have  been  Orovptdis- 
shed  by  a  common  name,  some  of  which   neutralize  acids,  linguiibed. 
efore  ought  to  constitute  bases,  while  others  of  the  same 
putralize  bases,  and   therefore  ought  to  constitute  acids; 
considerable  number  has  been  so  imperfectly  examined  that 
>t  know  whether  they  be  acids  or  alkalies.     This  is  the 
I  the  group  of  bodies  distinguished  by  the  name  of  vola- 

In  consequence  of  the  imperfect  state  of  our  knowledge  Temporiiy 
and  various  other  groups  similarly  circumstanced,  a  tempo-  jjj2^^,{j' 
s  may  be  formed  under  the  name  of  intermediate  bodies,  boditt. 
ill  disappear,  when  the  investigation  of  vegetable  principles 
?  greater  progress. 
Ail  the  vegetable  principles  may  be  arranged   under  the  *^o'  «*•••• 


00  diMtnti  from  this,  and  renwrki  that  at  prtteot  we  hafc  no  meant  of 
vm  tbe  Dumeroos  atoma  that  ooostitote  organio  principlot  are  grooped  to- 
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chjtpiVt  four  following  classes : — I.  Acids.    2.  Alkalies.    3.  Intermedttii 

principles.     4  Neutral  principles. 

1561.  Before  describing  the  characters  of  the  Tarious  principki; 

and  to  render  the  new  terms  intelligible,  it  will  be  proper  to  nodei 

the  results  of  the  late  investigations  of  Wohier,   Liebig,   PeloBH 

and  Dumas. 

Thcorf  of       1562.   Theory  of  Amides,  or  Amidets.    If  we  represent  the  co» 

•°^M*      position  of  oxalic  acid  by  the  formula  GK}",  and  that  of  ammoaii 

by  NH',  we  may  represent  oxalate  of  ammonia  by  CaOt^^NHr    k 

was  observed  by  Dumas,  that  when  crystallized  oxalate  of  ammotii 

is  distilled  there  is  obtained,  among  other  products,  a  while  tanrisa 

powder,  which  he  distinguished  by  the  name  of  ofxamide/^    Obib- 

alyzing  this  he  found  it  composed  of  CsOrf-NHf.     It  is  tberafat 

oxalate  of  ammonia  deprived  of  an  atom  of  water.     When  hetlel 

with  potassa,  ammonia  is  disengaged,  and  oxalate  of  potasaa  formal 

By  this  treatment,  therefore,  it  is  converted  into  oxalate   of  amna* 

nia,  and  of  course  must  have  resumed  the  atom   of  water  whid  il 

had  lost. 

AiDid<kliow      1563.  The  term  amide,  has  been  generalized  and  is  applied  to  si 

applied.      t))ose  anhydrous  compounds  of  an  acid  and  ammonia  which  by  lint 

may  be  deprived  of  an  atom  of  water ;  or  to  all  those  compooofc 

which,  by  the  addition  of  an  atom  of  water,  can  be  converted  iott 

a  salt  of  ammonia. 

Benzoic  acid  coniists  of        .  CiiHaQi 

Ammonia        ....  U^N 

Benzoate  of  Ammonia  of       .  CMHaOi+HblV 

Now  Wohler  and  Liebig  obtained  a  substance  to  which  they  gut 

the  name  of  Benzamide,  composed  of  CuHsO^-l-HtN,  so  that  it  Ht 

fered  from  benzoate  of  ammonia  by  containing  HO  or  an  atom  4 

water  less.     Now  as  oxalate  of  ammonia  and  benzoate  of  amoKAii 

are  in  all  probability  binary  compounds,  it  has  been  inferred  that  vt 

amide  and  benzamide  are  also  binary  compounds,  thus 

Ozamide  ....  C^;^fH«N 

Benzamide        ....     ChHaOs^-HiN 

If  this  be  admitted,  it  will  follow  that  C|Os  and  CnHsOt  are  cos- 

)Ounds  capable  of  existing  and  of  combining  with  other  bodies;  wd 

likewise  that  there  is  such  a  compound  as  H|N. 

Litbif*s  1564.  Liebig  applies  the  name  amide  to  the  hypothetical  eo«- 

application  pound  of  two  atoms  of  hydrogen  and  one  atom  nitrogen.     If  potaMH 

^*    um  is  heated  to  the  point  of  fusion  and  a  current  of  dry  ammin 

passed  over  it,  hydrogen  gas  is  evolved,  and  the  potassium  at  M 

increases  in  bulk,  loses  the  metallic  lustre,  and  is  converted  ielst 

clear  liquid,  which  on  cooling  concretes  into  a  gray  silky  mass;  k* 

instantly  converted  into  potassa  and  ammonia  on   the  additioBrf 

water.     It  is  called  potauamide,  or  a  compound  of 

1  atom  potaieium  .  .  .  .  K 

1    "        of H«N 

PotaMamide        .....  K44I1N 

*  A  eoatraetioD  of  oxalata  of  arnmmils. 


lil 


Tkmrf  rf  Eikmi  Mfp 


AdU  1  ■MNB  wat«r         ....  HO 

aod  W6  hftTe  ....        K(XfH«N 

r  AB  atom  of  potaan  aod  an  atom  of  ammoiija.* 

1565.  Damas  has  given  to  these  compoands  the  name  of  amidet  Amidau 
rho8  oxamide  he  calls  amidet  of  oxide  of  carbon  HaN+CaO, ;  C^Oi*^'^'""*^ 
Nring  a  compound  similar  in  constitution  to  oxide  of  carbon,  which 

■  CO.t 

1566.  Tkeorvof  Benzoyl    A  remarkable  train  of  discoveries  hnsThaorrof 
latD  made  bv  Wohler  and  Liebiff  while  ioTestigating  the  Tolatile  ''^'^^* 
il  of  bitter  almonds.    They  have  Ted  to  the  inference  that  the  basis 

if  beoxoic  acid  is  a  substance,  to  which  they  hare  given  the  name  of 
imsosf/  composed  of  CuHiOt. 

Tba  oil  of  bitter  almonds  if  a  bydret;  or  ChHsOs+H 

Banxoic  acid  ii  an  oxide,  or Ci^HsOrfO 

They  obtained  also  chloride,  bromide,  sulphuret  and  cyanide  of 
Mmxoyl. 

These  discoveries  render  it  almost  certain  that  benzoyl  exists  as  a 
iqiarate  compound,  and  that  it  is  capable  of  combining  with  the  sup- 
lorttrs  of  combustion  and  cyanogen,  also  with  hydrogen,  sulphur, 
und  doubtless  other  simple  substances  or  compounds.  Similar  com- 
MNmds  have  been  discovered  by  Lid  wig  in  the  volatile  oil  of  spirsa 
ilmaria,  which  is  a  hvdret  of  spiroil.l  Analogy  leads  to  the  infer- 
nee  that  other  (probably  all  the)  vegetable  acids  have,  like  the  ben- 
NMCy  a  base,  and  that  the  acid  is  a  compound  of  that  base  with 
oinen. 

1667.  Theory  of  Ethers.     According  to  Dumas  the  base  of  ether  Tbeoryof 

■  C4H4.*     Sulphuric  ether  is  C4H4+HO ;  oxalic  ether  is  (C4H4+  •^"• 
IO)-f-CflOt  and  so  on  of  the  others. 

According  to  Liebig,  the  radical  of  ether  is  C^Hf.     Sulphuric  ether  Liebig'a. 
I  ma  oxide  of  C4H8,  and  is  represented  by  G4Hf-|-0,  or  (for  shortness 
i^)  t>y  C4HfO.     Alcohol  is  a  hydrate  of  sulphuric  ether,  or 
J^HiO+HO. 
Tba  radical  of  ether  is  capable  of  combining  with  chlorine,  bro- 
I,  aod  iodine,  and  forms  chloric,  bromic,  and  iodic  ethers,  com- 
as follows : 


Cblorieetber  ....  C^Hs+SCl 
Bromic  .....  C^Hrl-SBr 
lodio C4Hrf2I 

An  the  oxygen-acid  ethers  are  combinations  of  an  atom  of  sulphuric 
lh«r»  which  possesses  the  characters  of  a  base  with  an  atom  of  the 

IfiBS.  What  have  been  considered  as  alcohol  acids  are  merely  ^i^oliol 
aaihinations  of  one  atom  of  ether  acting  as  a  base  with  two  atoms  of  1 
kt  acid.    They  ought  rather  to  be  considered  as  salts,  consisting  of 
iiO  atoms  acid  united  to  one  atom  base,  than  as  acids  sui  generis.\\ 

^Aeeordiaff  to  Kaoe  white  predpUatCt  of  tbe  Pbarroacop.,  ii  a  moiciiramidt,  or  a 
Mpomid  ofHg+HtN. 

f  For  other  examples  tee  Thomaoo,  7,  and  Dnmaa'  CMm.  appUqui^t  t.  8S. 

lAaoppoeed  base. 

1  Called  by  Thomson  in  Chtm.  qf  Inorg,  Bodtm,  Tetarto-earbobydfogen. 


llhMMoniadiapa^MitAM  '    tiunhMcjof  Liabif  aathaaiamltit.andaaifv«t> 
labial  with  the  phi  ^  extended  his  thaoiy  «aoh  fiuthir,  and 

•Ida  it  10  apply  «a  81      ., 
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Chap-  VI.  1569.  Theory  of  Pyracids.  There  are  seTeral  regetaUe  leidi 
which,  when  distilled,  uadergo  decomposition,  and  new  acida  in 
generated  hy  the  process,  which  have  heen  distinguished  by  ifci 
name  o{ pyracids.  Thus  tartaric  acid  when  so  treated,  yields  ^fvih 
tartaric  acid,  gallic,  pyrogalUc,  &c.  It  has  been  observed  hf 
Pelouze,  that  the  nature  of  the  decomposition  is  regulated  bjtM 
degree  of  heat  applied.  When  the  heat  is  not  too  high,  the  acidii 
resolved  into  a  pyracid,  carbonic  acid  and  water,  or  sometimes  im 
a  pyracid,  and  one  or  other  of  the  two  last  products.  Thas  i  ~ 
tannin  is  distilled  at  a  heat  of  482°  it  is  resolved  into  carbouic 
water,  and  metagallic  acid.  Tannin  being  CisHiOia  three  atoms  rf 
tannin  are  CmHmOk.  Now  these  three  atoms  are  resolved  bytki 
heat  into 


Theory  of 

aohttita- 

tiona. 


Damas'a 
eoDcIu- 


6  atoma  carb.  acid 

8      "    water 

8      **    metagallio  acid 


On 
=      H,  O, 
=€«)  Hit  Oia 


Cm  Uai  Ojf 

When  gallic  acid  is  distilled  at  419^,  it  is  conTerted  into  pyrogalUe 
carbonic  acid, 

Gallic  acid  is         ....  Ci  Hj  Ok 


Pyrogallic  acid  is  . 
Carb.  ««    is. 


CsHjQs 
C         O^ 


At  the  482°  no  pyrogallic  acid  is  formed,  but  only  metagallic  acid,  w 
carbonic  acid, 


1  atom  gallic  acid  is 

1  "  metagallic " 
1  '*  carb.  acid  '* 
1     "    water 


CiHjOi 

=CsH«C^ 
=0  Oj 
=      H   O 


CTHsOk 

Sotnetimes  the  saturating  power  of  a  vegetable  acid  is  not  altered  bf 
converting  it  into  a  pyroacid  ;  sometimes,  according  to  Peloaie,  ilii 
reduced  one  half.* 

From  these  observations  it  has  been  inferred  that  gallic  acidiii 
compound  of  pyrogallic  acid  and  water,  and  so  of  others.t 

1570.  Theory  of  Substitutions.  Oxygen,  chlorine,  bromine,  ni 
iodine  may  be  made  to  unite  with  various  compound  bodies,  wiubil 
the  same  time  these  bodies  give  out  hydrogen.  Thus  wheals 
chlorine  gns  is  passed  into  pure  oil  of  bitter  almonds,  which  iaa^ 
posed  of  CuHsO^i-l-H,  it  loses  its  atom  of  hydrogen  which  e» 
stituted  it  a  hydret,  for  which  an  atom  of  chlorine  is  substilrti 
making  a  compound  consisting  of  GuHsOs-f-Cl,  which  is  a  cUsiifc 
of  benzoyl.  This  and  analogous  facts  have  been  generalized  bjD^ 
mas,  who  has  drawn  from  them  the  following  general  coochisioift 

1571.  1.  When  a  body  containing  hydrogen  is  subjected  H^ 


*Ann.  de  Chim,  et  Pkys,  \w\.  303. 

t  Thomson  does  not  agree  in  this  opinion  and  thinks  it  mora  probablcp  i 
temperature  applied,  a  certain  portion  cf  the  carbon,  or  hydrostn,  or  of  boli, 
goes  oomhusiioB,  and  that  the  remaining  atoms  arrangn  ihsmMlTius  m  m 
thepyroaddi* 


teto* 
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ogenizJDg  action  of  oxygen,  chlorine,  bromine,  or  iodine,  for     Stt»  i. 

itom  of  hydrogen  that  it  loses  it  gains  an  atom  of  oxygen, 

e,  bromine,  or  iodine.     2.  When  the  hydrogenous  body  con- 

ater,  this  last  body  loses  its  hydrogen  without  anything  being 

d.     If,  after  this,  any  hydrogen  be  abstracted,  it  is  replaced  by 

spending  number  of  atoms  of  oxygen,  chlorine,  &c.*    t. 

I.  Laurentt  considers  the  base  or  radical  of  every  organic  L^TtDft 

»  be  a  compound  of  carbon  and  hydrogen  united  together,  so  tIcw. 

s  atoms  of  the  carbon  bear  a  simple  relation  to  those  of  the 

en.     When  these  radicals  are  subjected  to  a  dehydrogenizing 

t,  as  bv  passing  a  current  of  chlorine  through  them,  they  gra- 

lose  their  hydrogen  or  a  part  of  it,  but  gain  as  many  atoms  of 

lydrogenizing  body  as  they  lose  of  hydrogen.     So  that  if  we 

i  number  of  atoms  of  the  new  body  to  those  of  hydrogen  re- 

?:,  the  sum  will  make  up  the  number  of  atoms  of  hydrogen 
lypresent  in  the  radical. 

L  The  dehydrogenizing  body,  or  a  part  of  it,  being  converted 
Iter,  nitric  acid,  hydrochloric  acid,  &c.,  may  either  be  disen- 
or  remain  combined  with  the  new  compound  formed. 
I.  The  fundamental  radical  and  its  derivatives  will  be  neutral  j^^utnl. 
Jine,  whatever  be  the  portion  of  oxygen,  hydrogen,  &c.  enler- 
0  it.     But  when  the  oxygen,  &c.  enters  into  combination  with  ^^^ 
lical,  it  renders  it  add,  how  small  soever  the  uniting  portion  gffeaof 
>.     Those  bodies  which  enter  into  combination  without  being  best, 
of  the  radical,  may  be  removed  by  heat,  alkalies,  &c.,  without 
replaced  by  anything  else.     But  when  a  body  constitutes  a 
the  radical,  this  cannot  be  done.     T.  I3. 


S.  Liebig  has  termed  certain  compound  bodies,  which  have  the  Compoood 
ty  of  uniting  with  simple  bodies,  compound  radicals.     Those  ^'^'^^^ 
unite  with  hydrogen  give  rise  to  hydracids.     He  has  arranged     *  ^' 
ombinations  in  groups,  according  to  the  radical  of  each ;  the 
lual  members  of  each  group  arising  from  the  combinations  of  the 
with  the  elements,  and  from  the  union  of  the  compounds  thus 
1  with  other  compound  bodies. 

3.  Whenever  one  or  more  of  the  constituent  parts  is  removed  New  com- 
DY  of  these,  a  new  compound  of  another  radical  is  produced,  pouodt. 
the  oxygen  has  been  removed,  and  its  place  supplied  by  itsOxygtnit- 
lent  of  sulphur,  a  sulphur-compound  of  the  same  radical  is  ■■^▼•'^ 
I,  and  its  properties  are  similar  to  those  of  the  oxygen-com- 

en  the  hydrogen  is  displaced,  and  its  position  occupied  by  its  Hydrogtn. 
lent  of  chlorine  or  oxygen,  there  will  be  formed  either  a  similar 
und  of  a  similarly  constituted  radical,  or  several  new  com- 
I  of  a  more  simple  radical. 

7.  All  combinations  of  compound  radicals  not  containing  nitro-  Combina- 
re  reduced  when  exposed  to  the  action  of  oxvgen  to  oxides  of  ^J^^^ 
iimple  radicals,  the  higher  or  lower  degree  of  oxidation  being  ndicali  not 
lent  upon  the  quantity  of  oxygen  present.  ^uSiJi"' 

vesampUtsMTt  (kg.  Cktm,  11.       i AMiii.d$  Ckim.  H PkjfB,  Id.  18i. 
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157S,  Organic  compounds  not  containing  nitrogen,  may  \m  i.' 
composed  in  three  different  ways,  when  brought  into  coDtact  wiik 
concentrated  or  anhydrous  sulphuric  acid;  firstly,  the  acid  hj 
withdraw  water  from  the  compound,  or  at  least  oxygen  and  hjh^ 
gen  in  the  proportions  in  which  they  form  water;  in  this  casetki 
other  component  parts  unite  into  one  or  more  ne w componndt ;  tks 
oxalic  and  sulphuric  acids  gire  rise  to  the  formation  of  water,  of «» 
bonic  oxide  and  of  carbonic  acid ;  or,  secondly,  the  acid  may  at  tti 
same  time  give  oxygen  to  a  part  of  the  carbon  of  the  componl 
when  the  above  products,  together  with  sulphurous  acid,  will  m  ■» 
duced ;  or,  thirdly,  the  acid  may  give  oxygen  to  the  hydrogen  orii 
compound,  and  in  this  case  be  converted  into  hyposulphurooi  aeii 
which  usually  enters  into  very  intimate  combination  with  the  taptk 
substance  thus  modified. 

1579.  By  the  action  of  strong  acids  upon  aubstances  cootain| 
nitrogen,  there  is  frequently  produced  through  the  medinm  of  Ai 
constituents  of  water,  on  the  one  hand  ammonia^  which  comtiM 
with  the  acid,  and  on  the  other  an  oxide  of  a  new  radical,  in  wW 
all  the  carbon  of  the  original  compound  is  presenL  Hydracyiv 
acid  and  hydrochloric  acid ;  oxamid,  urea,  and  aalpnuric  aol 
&c.  6cc, 

1580.  All  organic  compounds  not  containing  nitrogen,  are  dee» 
posed  by  being  fused  with  hydrate  of  potassa,  and  if  the  latter  br 
present  in  sufficient  quantity,  the  decomposition  is  not  attended  iriik 
the  separation  of  carbon;  the  products  which  are  formed  aiwAi 
same  as  those  resulting  from  the  action  of  powerfully  osMf 
agents;  water  is  generally  decomposed,  its  oxygen  unites  witkii 
carbon  and  hydrogen  of  the  Hubstance,  while  its  hydiifa 
is  liberated,  and  either  escapes  in  the  form  of  gas,  or  eitf 
into  some  new  combination.  The  resulting  products  of  this  deei* 
position  may  be  either  ulmic,  acetic,  and  oxalic  acids,  oxaliead 
alone,  or  solely  carbonic  acid,  according  to  the  degree  of  tempenlf 
to  which  the  mixture  is  exposed. 

1581.  All  organic  compounds  containing  nitrogen  are  deeoniifl' 
by  being  boiled  in  a  solution  of  caustic  potassa,  or  by  beiof  W 
with  the  hydrate ;  the  products  are  generally  the  same  as  tbwf^ 
nerated  by  the  action  of  a  strong  acid  upon  the  same  substaneAAv 
that  with  potassa  the  ammonia  is  liberated,  while  the  oxide  if  A 
new  carbonized  radical  enters  into  combination  with  the  fMi 
Many  substances  which  are  very  rich  in  nitrogen  are  oobiot 
with  the  separation  of  a  part  of  the  nitrogen  as  ammoDis,!^'' 
absorption  of  oxygen,  into  cyanic  acid,  and  this,  by  unitior«it^ 
potassa  escapes  further  decomposition  ;  in  this  case  the  fw^ 
due  is  completely  decomposed  into  ammonia  and  carbooie  •■¥ 
beinc:  dissolved  in  a  little  water  and  boiled.  ^  ^ 

L5S2.  When  organic  bodies  are  exposed  to  the  destmrtiw** 
lation,  their  constituents  give  rise  to  the  production  of  oev^^ 
compounds  of  more  simple  radicals,  either  with  or  withootlki^ 
sition  of  cacjbon.     The  products  vary  with  the  tempeiim*? 

S'ves  rise  to  the  division  of  the  distilfation  into  sereiml  ptnifcjj 
e  first  are  produced  organic  acid  of  more  simple   ^^^J^fZ 
acid,  water,  aud  combustible  fluids,  which  admit      sBiflgniiB*^ 
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K  wmter.  In  the  second  period,  the  products  of  the  decompositioD  of  Sacuii. 
n  the  new  suhstances  formed  during  the  first,  are  generated ;  the  acids 
,(  dimppear,  their  oxygen  unites  with  a  part  of  their  hydrogen  and 
.^  carbon,  forming  more  simple  compounds,  as  carhonic  oxide,  carbonic 
^  scidf  and  water,  a  portion  of  the  carbon  is  generally  deposited,  while 
1^  the  rest  unites  with  hydrogen,  giving  rise  to  volatile  or  fixed  oleagi- 
^  Dovs  substances.  In  the  last  period,  only  charcoal  and  gases  are 
If  cibtained ;  the  latter  generally  consisting  of  a  mixture  of  carbonic 
gj  oxide,  olefiant  and  light  carburctted  hydrogen  gases. 
^  Substances  containing  nitrogen  form,  under  the  same  circum- 
ll  rtances,  ammonia,  and  sometimes  cyanic  acid :  in  the  last  period, 
^    cyanogen  and  hydrocyanic  acid. 

Ifl88.  When  an  organic  compound  is  exposed  to  a  similar  decom-  Effect  of 

Cition  in  contact  with  a  strong  base,  which  is  not  reduced  by  a  red  f^^°^ 
t,  it  is  generally  decomposed  into  carbonic  acid,  which  remains       ' 
Ib  combination  with  the  base,  and  into  one  or  more  new  substances. 
flhoald  these  latter  contain  oxygen,  they  may  be  entirely  deprived  of  Oxygen  re- 
li  by  a  new  distillation  with  the  base,  tne  oxygen  giving  rise  to  ano-  ^^^^' 
ihav  portion  of  carbonic  acid,  while  the  other  constituents  of  the  sub- 
atance  are  obtained  in  the  form  of  solid,  finid,  or  gaseous  compounds 
af  carbon  and  hydrogen,    l.  738. 


Sectioh  II.     Vegetable  Acids. 

lflB4.     These  acids  may  be  divided  into  seven  sets — 1.  VolatileThamD^ 
bUs ,  or  those  which  may  be  volatilized  without  decomposition  ;  2.  ^^^f    ' 
'  Addst  such  as  cannot  be  volatilized  or  distilled  over  without  ecidi. 

ition  ;  and  these  may  be  subdivided  into  such  as  are  de- 
poced  when  exposed  to  heat,  but  furnish  at  the  same  time  pyr- 
;  and,  3,  into  those  whose  pyracids  are  unknown.     4.  Oily 
,  or  those  into  which  oils  or  wax  are  converted,  when  boiled 
potaasa  or  soda.     The  combination  with  the  alkali  constituting 
6,  Acids  containing  nitrogen.     6.  Acids  imperfectly  exa* 
7.  Compound  Acids,  consisting  of  a  vegetable  principle 
to  a  strong  mineral  or  vegetable  acid. 
1085.    Oxalic  Acid,   aCO+O,  2  eq.    carb.  oxide  +  1  oxv.=  Oxdic 
(L.)  CaOa  =36.  (T.)  This  acid  was  discovered  by  Scheefe  in  ■*^***- 
It  occurs  in  several  plants,  particularly  of  the  genera  oxalis, 
&c ;  combined  with  potassa  in  roots  and  with  lime  in  several 
of  lichens.*  Oxalate  of  lime  is  also  an  ingredient  of  several  uri- 
_  calculi ;  the  acid  is  a  product  of  the  decomposition  of  uric  acid,  of 
OJganic  compounds  not  containing  nitrogen  when  oxidiaed  by  ni- 
•cid,  or  acted  upon  by  hydrate   of  potassa,   or  by  permanganic 
i  it  is  also  formed  by  the  decomposition  of  cyanogen  with  water 
^uiunonia.    L. 

It  if  obtained  by  di^^eiting  by  aid  of  gentle  heat  one  part  of  lugar,  or  pj^fcun  1. 
•till,  of  potato  etarcb,  in  5  parts  of  nitric  acid  of  ip.  gr.  1.43,  diluted  with 
^a  «f  water,  as  lone  as  caseous  products  are  evolved ;  by  evaporation  tha 
obtained  in  crystals,  wnich  may  be  purified  by  a  second  crystallization 
^ing  well  dried  on  paper  or  porous  earthen  ware. 

to  occur  in  HumboUine  with  oiide  of  iron  by  Rivaro— not  confinnad  by 
I  aoalytli.    Sea  his  Minenkgy,  ti.  469. 
47 
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an  additional  quantity  of  acid,  and  again  wanned,  when  a  aecuiid  crop  of  cn^ 
tala  will  be  formed ;  this  ia  repeated  antil  the  aolution  is  quite  exhaiMtii.  Oi 
account  of  the  cheapneM  of  nitric  acid,  this  is  the  usual  proooaa  now  -■--'- 


•  •  •  ^ 

thii  manufactories.    Any  N  adheriiiff  to  the  crystals,  Diay  bo  remowod  by  |h4 
heating  them  in  a  porcelain  dish,  or  hy  repeated  crystallizaiion.*    L. 
Process  2.       It  may  also  bo  obtained  by  precipitating  a  solution  of  the  superozalaMsefp 
tassa  by  acetate  of  lead  or  suipnurot  of  banum,  carefully  washing  the        ^"^ 


and  decomposing  it  while  yet  moist  by  dilate  S.    Filter  and  eTsporala.   Te^ 

compose  the  oialate  of  lead  or  baryta  five  parts  of  strong  8  must  bo  aaf^fii 
diluted  with  ten  of  water  for  every  seven  parte  of  the  ninosaUtfe  of  '" 


Nine  tenths  of  the  dilute  8  is  to  be  added  in  successive  portions  to  the 
or  heretic  precipilKis;  aulphate  of  lead  or  baryta  is  instantlj  formed,  and  ihi* 
alic  acid  is  dissolved  by  the  water.  Afler  the  mixture  haa  stood  some  baan^it 
clear  liquid  ahould  be  poured  from  the  precipitate,  which  should  be  '  ^ 
washed.  The  solution  yields  upon  evaporation,  crystals  of  pure  o 
anv  trace  of  lead  may  be  removed  by  hydrosulphuric  acid  ess.  The 
sulphate  of  lead   or  baryta,  which  atill  contains  some  nndecom] 

must  be  treated  with  the  remaining  tenth  of  the  dilate  8^  and 
little  more  water ;  in  this  manner  an  additional  quantity  of  unpure 

wfn^fgfm        obtained,  but  the  8  may  be  separated  from  the  crystala  by  washing. 

15S7.  The  production  of  oxalic  acid  from  organic  matter  iiac» 
sequence  of  the  oxidation  of  the  elements  of  the  latter  b j  the  tfT 

gen  of  the  N  ;  hence  those  substances  give  it  in  greateit  qiMlQ 
which  contain  oxygen  and  hydrogen  in  the  same  pn>poitMi  * 
water.  In  the  second  process  sulphuret  of  potassium  and  onhlf  i( 
baryta,  er  acetate  of  potassa  and  oxalate  of  lead  are  formed.   IW 

oxalate  of  baryta  or  lead  is  decomposed  by  S,  giving  rise  lo  As 

oxalic  acid  and  sulphates  of  lead  or  baryta.     L. 

^  1588.  The  crystallized  acid  is,  according  to  Liebig,a  coroponl' 

Crystals,    ^^^  hydrate  with  water  of  crystallization.     The  crystals  are  Dii^ 

parent  oblique  rhombic  prisms,  with  one  or  two  terminal  plaocii" 

pair  of  the  lateral  edges  of  the  latter  is  sometimes  truncated. 

1589.  This  acid  has  no  odour;  tastes  and  reacts  atroogly  ^fH 

thTJoished  ^"^  ^^  poisonous,  and  from  the  resemblance  which  the  crpuhf 

fromEp-     to  those  of  Epsom  salt,  many  fatal  mistakes  have  arisen.    The** 

som  salts.  ^|glQ  jg  j„  itself  a  sufficient  mark  of  distinction  ;  or  withoolMaf 

it,  if  a  few  drops  of  water  be  placed  on  a  slip  of  the  dark  Um  f 

per  which  is  commonly  wrapped  round  sugar   loaves,  andaiv 

quantity   of  the   suspected  crystals  be  added,  if  it  be  oxalk  ■o'^ 

will  change  the  colour  of  the  paper  to  a  reddish  brown.    The  ^ 

lution  also  of  a  small  quantity  of  this  acid  in  a  te^'mttli^ 

water,  will  efTervesce  with  a  little  scraped  chalk  or  whitilf  ^ 

When  the  acid  has  been  swallowed,  copious  draughta  of  liivr 

or  magnesia  and  water,  should  be  administered ,  and  TOfflflol 

ted  as  speedily  as  possible. 

*  If  shavisga  of  wood  be  mixed  with  caustic  potasas,  and  sgpossd  ts  a 
erahly  higher  than  that  of  boilinf  water,  the  wood  snfitfs 
psrtlT  converted  into  oxalic  acid,  which  combiDsa  with  ths 
lowaa  by  some  mannftctarers  of  this  add.    T. 


1590.  Tbe  crystals  when  heated  fall  into  powder,  and  lose  S8  per  ^^^  P- 
•ot.  =r  2  eq.  of  water  of  crystallization ;  the  hydrate  of  oxalic  Effect  of 
icid  is  left      When  rapidly  heated  to  the  temperature  of  d^O"",  they  ^^^ 
iiae  and  lose  their  water  of  crystallization,  a  part  of  them  decom- 
loaiDgf  while  another  portion  sublimes  as  hydrate  in  dense  white 
ames  of  a  strong  odour,  which  cover  the  surface  of  the  fused  acid 
n  the  form  of  a  woolly  crystalline  mass.     If  heated  in  a  retort  to 

110^  it  is  decomposed  into  G,  C  and  formic  acid. 

*..  •• 

1501.  Heated  in  strong  S,  it  is  decomposed  into  G,  C  and  water.  Dtcompo* 
rbe  anhydrous  oxalic  acid  may  be  considered  as  a  compound  of  1  ^^  |^  g 

1^  C-f-1  eq.  G,  which  accounts  for  the  production  of  equal  vols,  of 
mm  two  gases  whenever  the  pure  acid  or  any  of  its  salts  is  heated  in 

UoDgS  (512). 

1^3.  The  crystals  dissolve  in  eight  parts  of  walar  at  6^,  in  their  Solubility. 

mn  weight  of  boiling  water,  and  in  four  parts  of  alcohol  at  60^. 

IThen  pure  it  should  give  a  precipitate  witn  salts  of  baryta  that  isTettof 

pttrity. 

iQiiectly  soluble  in  N,  if  it  contain  lead  it  is  blackened  by  hydrosul- 

boric  acid  gas:  it  should  sublime  without  leavings  residue. 

1503.  This  acid  and  its  soluble  salts  are  Important  reagents  for 
Electing  and  separating  lime.* 

1504.  By  distilling  oxalate  of  ammonia,  or  oxalates,  with  am-  Oxsmido. 
■ooiacal  salts,  a  substance  has  been  obtained  bv  Dumas  which  he 

HU  called  oxamide,i  which  will  be  noticed  hereafter. 

1505.  Oialate  of  Ammonitu     NH^OGaOs-f-acj.  crystals.     This  is  Ozmlate  of 
I  very  useful  salt  for  the  purpose  of  separating  lime  from  magnesia,  •""**'""■• 
ad  generally  for  precipitating  lime  from  its  solutions. 

It  is  obtained  by  neutralizing  a  solution  of  pure  oxalic  acid  by  Obtained. 
aiittic  or  carbonate  of  ammonia,  or  by  decomposing  the  oxalate  of 
Mid  by  sulphuret  of  ammonium,  and  evaporating  the  solution  to 
rjratallization. 

b  may  ilao  be  prepared  by  neutralizing  the  bin-  or  quadrozalate  of  potassa  with 
Mk.  or  ammonia ;  the  first  crop  of  crjstali  consists  of  oxalate  of  ammonia, 
ifcnii  may  be  completely  freed  from  potaasa  by  repeated  crystallization,  the  mo- 
km  liqaor  contains  the  neutral  oxalate  of  potassa. 

1506.  The  crystals  are  long,  colourles.s,  transparent  prisms,  of  the  Crystals. 
Ight  prismatic  system  ;  with  a  strong  saline  taste,  less  soluble  than 

1^  oxalic  acid  and  efflorescent,  losing  12.6  per  cent,  of  water  of 
tjpMaliization.     By  heat  it  is  decomposed,  giving  rise  to  oxamide. 
i  1507.  Binoxtdate  of  Potassa,     HO.Gt03,KO.C208-f2  aq.  eq.  =  Binozalata 
I1B.63.     This  salt  is  used  and  sold  as  the  essential  salt  of  lemons,  of  potassa. 

^  *li  the  Dentral  salts  of  oxalic  acid,  the  oxygen  of  the  base  is  to  that  of  the  anhy- 
Iriasadd  in  the  proportioo  of  l  :  3.     If  the  oxy^c^i  of  the  metallic  oxide  be  consid- 

■iaa  a  part  of  the  acid,  the  oompoand  contains  C  and  a  metal.    Many  salts  of  oxalic 
nil  whoiie  baaes  are  oxidSs  easily  reduced  to  the  metallic  sute,  ars  decomposed  by 

tt  into  &and  metal  (oxalate  of  silver  with  a  slight  explosion).    The  oxalates  of 
alkalies  under  the  same  circumstances  evolve  C,  and  are  cooTened  iuto  carbo- 

IMm.    Many  metallic  oxides  when  heated  with  an  oxalate  are  reduced  by  the  C 

Kvad.    There  exist  both  neutral  an4  acid  salts  of  this  acid,  the  latter  contain  don- 
aad  sometiaiM  four  f**««*t  a»  <""<**' ndd  as  the  fonaer.    (Ltebig.) 

f  AUmmtadfWNB         ei       ana  oia. 
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Chap.  VI.  for  removing  iron-moulds  and  other  metallic  atains  (ink.  du).  It 
exists  ready  formed  in  the  juice  of  the  oralis  aeeiosetta  or  wood  te^ 
rel»  from  which  it  was  formerly  procured. 

1598.  It  may  be  made  by  neutralizing  one  part  of  crystallind  «- 
alic  acid  by  carbonate  of  potassa,  and  afterwards  adding  to  theoMliil 
salt  another  part  of  oxalic  acid  and  crystallizing.  The  cryttabaic 
transparent  oblique  rhombic  prisms,  with  an  acid  taste  and  readm 

Propertiei.  It  is  poisonous.     Soluble  in  40  parts  of  cold  and  6  of  boiling  wafer. 

1599.  When  pure  it  should  fuse  and  decompose  without  emitliif 
a  burnt  odour,  and  the  residue  should  be  of  a  gTay»  not  ^  a  blick 
colour.* 

1600.  Qtiadroxalaie  of  Potassa  is  sold  in  commerce  aa  binoialil^ 
It  is  procured  by  dissolving  the  binoxalate  in  hydrochloric  addaii 
crystallizing  ;  it  is  made  on  the  large  scale  by  neutralizing  one  put 
of  crystallized  oxalic  acid  and  adding  to  the  solution  three  pamif 
the  pure  acid. 

1601.  Its  crystals  are  transparent  prisms  of  the  doubly  oUiq^ 
prismatic  system  ;  at  262°  it  loses  two  atoms  or  fourteen  per  eat 
of  water,  at  higher  temperatures  oxalic  acid  passes  off  and  it  ii 
decomposed.  If  pure  its  reaction  when  heated  is  similar  to  thiiif 
the  binoxalate;  if  three  parts  are  converted  into  carbonate  by  anl 
heat,  and  added  to  a  solution  of  one  part,  the  neutral  oxalate  shoiU 
be  obtained. 

1602.  Oxalate  of  Lime,  GaO.CA4-2  aq.  =  82.74.  occurs  ia» 
veral  species  of  lichen,  of  which  it  forms  the  firm,  hard  akeldaSiM 
that  many  of  them  may  be  used  for  preparing  oxalic  acid,  bat  Mt 
very  advantageously.t 

1603.  The  insolubility  of  this  salt  in  water,  ammonia,  and  actfic 
acid,  and  its  solubility  in  the  nitric  and  hydrochloric  acids,  disM- 
guishes  it  from  most  other  precipitates.  Advantage  is  taken  of  tkii 
to  detect  lime  in  solutions  from  which  all  other  precipitable  metdb 
oxides  have  been  separated  by  other  means,  the  alkaline  oxdim 
being  the  best  reagents  for  this  purpose;  thus  these  oxalatntit 
used  to  separate  lime  from  magnesia,  with  the  latter  of  which  ibcT 
form  soluble  double  salts.  On  the  other  hand,  lime  may  be  nsrfB 
detect  oxalic  acid.t 

Coloar,  ate  1604.  Recently  precipitated  oxalate  of  lime  is  a  snow*whiie  flv- 
culent  powder,  insoluble  in  acetic  acid,  readily  dissolved  bf '><* 
nitric  or  hydrochloric  acid,  and  by  a  red  heat  is  converted,  wahitf 
being  perceptibly  blackened,  into  carbonate  of  lime  ;  from  the«ci|^ 
of  which,  either  the  oxalic  acid  or  the  lime  may  be  ralfli*^ 

L.  760. 


Ozilatt  of 
Ume. 


Dittin- 
guished. 


iapwiti«  di-       *  The  preseuce  of  cream  of  tartar  is  recogoiMd  by  the  carbonsoeoas 

(•cIkI.  peculiar  odour  which  it  emits  on  burning ;  that  of  sulphate  of  potaam  by  tte 

tests  of  S.  If  of  two  e^ual  parts  by  weight,  of  the  salt,  the  one  be  enoaailii"' 
heat,  and  the  other  be  dissolved  in  water,  the  solution  oi  ttie  latter  aboold  be  Aip>"' 
of  its  acid  reaction  by  the  addition  of  the  residue  of  the  former;  if  this  dcm  Ml  ^ 

Sen,  it  is  not  the  binoxalate  but  the  quadroxakUe,  which  is  met  with  in  eoaaaM^ 
er  that  name.    (Liebig.) 

t  See  Braconnot's  process  Ann,  de  Chim.eiPhyt.  xxviii.  318,  and  QuiarLJin^-i'^ 

t  It  should  be  renemliered  that  oxalic  acid  is  imperfectly  predpitaied  by  mIb' 

lime  from  a  tolutioa  which  cootaint  the  oxides  of  chromiiun,  iioo,  or      

(Liebig.) 
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1606.  Rhodizomc  Acid,  C^HsOio.  When  a  tlream  of  dry  carboDic    8*c»»"' 
oxide  gas  is  transmitted  over  a  portion  of  fused  potassium,  the  gas  is  Rhodizooic 
absorbed  in  large  quantity ;  the  potassium  coats  the  surface  of  the  &cid. 
glass  tubet  becomes  green,  and  at  last  a  black  porous  mass  is  ob- 
tained, which,  if  exposed  to  the  air  when  warm,  inflames,  and  if 
covered  with  water  dissolves  with  the  rapid  evolution  of  a  combusti- 
ble gas  ;  if  moistened  with  water  it  bums,  and  forms  a  red  solution 
which  contains  rhodizonate  of  potassa. 

1606.  This  compound   of   potassium  and    carbonic   oxide   was  How ob- 
obtained  by  Gmelin  in  considerable  quantity  as  a  secondary  product  ^°^* 
during  the  preparation  of  potassium  by  Brunner*s  process  (839), 
when  it  separates  from  the  gases  evolved  in  the  form  of  a  gray  pow- 
der, which  may  be  readily  collected.     Exposed  to  moist  air  it  ab- 
sorbs water,  and  is  converted,  without  combustion,  into  rhodizonate 

of  potassa  of  a  scarlet  colour ;  by  being  treated  with  alcohol,  in 
which  it  is  soluble,  the  free  potassa  may  be  separated.  All  its  com- 
pounds are  of  a  red  colour,  or,  in  the  dry  state,  of  a  brilliant  metallic 
green. 

1607.  The  changes  which  are  produced  on  rhodizonate  of  potassa  Remarlu- 
when  its  aqueous  solution  is  heated,  are  very  remurkable ;  without  ble 

the  evolution  of  gases  it  is  decomposed  into  free  potassa,  oxalate  of^^^^^ 
potassa,  and  into  the  potassa  salt  of  a  new  acid,  which  has  been 
called  by  Gmelin  the  croconic  acid.    l.  752. 

1608.  Croconic  Acid.   CsO^  =  62.    The  croconic  acid  is  prepared  Crocooic 
liy  adding  hydrofluosilicic  acid  to  a  solution  of  its  potassa  salt,  and  eva-  •(^<'- 
porating  to  dryness  ;  the  pure  acid  is  removed  from  the  yellow  resi- 
due by  water ;  it  is  yellow,*  readily  crystallized,  tastes  and  reacts 
•Irongly  acid,  is  soluble  in  water  and  alcohol ;  all  its  salts  are  yellow, 

and,  with  the  exception  of  the  ammoniacal  salts,  are  all  of  them 
insoluble  in  alcohol. 

1609.  CrocoiuUe  of  Potassa  crystallizes  in  long  six-sided  prisms,  Croconate 
of  an  orange-yellow  colour,  tastes  similar  to  nitre,  and  is  neutral  with  of  potast»> 
respect  to  vegetable  colours.     When  heated  it  loses  15  per  cent. 

=:  2  eq.  water  and  becomes  of  a  lemon-yellow  colour.  It  burns  like 
tioder  into  a  mixture  of  carbonate  of  potassa  and  carbon,  with  evolu- 

•  ••  •  •  • 

tion  of  C  and  C ;  it  is  decomposed  by  chlorine  and  N  with  effer- 
Tesceoce  into  peculiar  salts. 

1610.  Formic  Acid.  CsH  0|  =  37.  This  acid  was  first  noticed  by  pormic 
Bay,  in  1671,t  in  an  account  of  the  acid  spontaneously  given  out  by  acid. 
ants, and  which  they  yielded  when  distilled.  In  1812  Gehlen  examined  EIistor>-. 
it  and  pointed  out  some  of  its  characters.     It  has  been  since  ana- 
lyzed by  Berzelius,  and  an  artificial  method  of  preparing  it  discover- 
ed bv  Dobereiner. 

loll.  It  may  be  obtained  from  ants  by  the  following  process  : 

Any  quantity  of  ants  majr  be  infuied  in  about  thrice  their  weight  of  water,  put  „  |. 

the  mixture  into  a  tilver,  or  tinned  copper  atill,  and  draw  off  the  water  by  distillation  '  ^^*^^  '^' 
ti  long  as  it  continues  to  come  over  without  any  burnt  smell ;  the  distillation  must 
be  stopped  as  soon  as  that  is  perceived  Saturate  the  water  in  the  receiver  with 
carbonate  of  potawa,  and  evaporate  to  dryness.  Mix  the  white  mass  thus  ob- 
tuned  with  as  much  sulphuric  acid,  previously  diluted  witli  its  weight  of  water, 
■•  is  sufiiciont  to  saturate  tlie  potassa.    Introduce  the  mixture  into  a  retort,  and 

*  Hence  iu  name  from  eroetis,  so^n.  t  Phil.  7Van«. 
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Chap.  VI.  <^i*^l  tlowlr  to  drynesi.    The  liquid  which  oomee  otot  into  thm  raoarr er  «  to  b 

— again  reclined  by  a  verj  moderate  heat,  to  get  rid  of  any  portion  of  luIplMBC 

acid  that  may  be  present. 

Obtained         1612.  It  may  be  prepared  from  sugar  and  many  other  vegetabk 
A|om  iogar,  su))stances,  when  treated  with  binoxide  of  manganese  and  sulphofic 
acid.     The  following  process  has  been  pointed  out  by  DobereiDer. 

Process.  Dissolve  1  part  of  sugar,  starch,  Ac.,  in  2  parts  of  water,  mix  the  oolntion  0i 

a  large  vessel)  with  24  or  three  parts  of  binoxide  of  manganese  in  fine  powdv. 
Heat  the  mixtwe  to  140^,  add,  by  little  and  little  at  a  time,  3  parts  of  coneM* 
trated  sulphuric  acid,  previously  diluted  with  its  own  weight  of  water,  c«^ 
fully  agitating  the  mixture  after  every  addition,  with  a  wooden  nid.  Mv 
the  addition  of  the  first  third  of  the  acia  so  violent  an  effervescenoe  takes  phri« 
that  unless  the  vessel  be  at  least  15  times  the  bulk  of  the  mixture,  a  portkm  wm 
run  over.* 

1613.  A  pound  of  sugar  yields  a  quantity  of  the  acid,  capable  of 

saturating  five  or  six  ounces  of  carbonate  of  lime.     To  obcaio  tht 

^5°^*'"*'*'  formic  acid  in  a  concentrated  slate,  evaporate  the  formate  of  liineto 

dryness,  and  mix  seven  parts  of  this  dry  salt,  in  powder,  withfei 

parts  of  concentrated  sulphuric  acid  and  four  parts  of  water,  and  db* 

til  in  a  retort     If  we  substitute  six  parts  of  alcohol  for  the  four  parti 

of  water  and  distil,  we  obtain  formic  ether. 

^"^'»         1614.  The  following  process  has  been  given  by  Bmmet,t  who  it 

process.      fi^ms  that  the  oxide  of  manganese  is  of  no  use  in  the  process. 

Mix  together  in  a  retort  equal  measures  of  water,  oil  of  vitriol,  end  eleOitai 
ungrouncTrye,  or  cracked  maize ;  let  them  be  heated  to  the  boiling  point,  ini  ■ 
soon  as  the  mass  has  become  thoroughly  blackened,  add  anotnor  i 
water  and  distil  off  one  measure  of  formic  acid.  The  aiddition  of  oKire 
fresh  distillation  will  afford  an  additional  quantity  of  a  weaker  ackL 

I>«teeted.        1615.  The  presence  of  formic  acid  may  be  easily  aacerlaiiwL 
When  the  acid  or  formate  of  soda  is  put  into  a  solution  of  anynbrf 

gold,  platinum,  or  silver,  an  effervescence  takes  place,  C  is  given aC 
and  the  metal  is  deposited.!  When  formate  of  soda  is  mixed  witht 
solution  of  corrosive  sublimate,  calomel  is  deposited.  When  theacid 
is  added  to  a  solution  of  nitrate  of  lead,  crystals  of  formate  of  lead  is 
needles  are  deposited. 
Liebig's  1616.  Liebig  has  found  that  formic  acid  maybe  obtained,  ooolut* 

^^*  ing  only  one  atom  water,  by  decomposing  dry  formate  of  lead  by  ky- 

drosulphuric  acid.     When  of  this  strength  it  is  much  more  comnfa 


Properties.  ^^^^  concentrated  S.  The  smallest  drop  applied  to  the  skio 
sions  a  sensation  like  that  produced  by  red-hot  iron.  A  9 
produced,  which  is  long  in  healing.  This  hydrate  ciystallinttt 
32^  and  boils  at  212°  like  water.  The  common  acid,  which  it  aki- 
hydrate,  crystallizes  at  5°  and  boils  at  226j-**.^     Formic  acid  hut 


*  The  effenrescetice  i^  owing  to  carbonic  acid.  Pungent  Tapours  of 
exhaled.  To  oreserve  ihese,  the  mixture  should  be  made  io  a  copper  alembic  Itetif 
of  which  shouM  be  put  on  and  connected  with  the  worm  in  the  remseratorr.  Whs 
the  violeoce  of  the  effervescence  is  oTer,  the  rest  of  the  sulphuric  acid  is  t*  n  ad^^ 
the  mixture  is  to  he  aintaled,  and  the  whole  distilled  oTer  almost  to  dr/aaas-  A 
pid  acid  liquid  is  obtained,  hariog  a  strong:  smell,  and  ooasisttog  of  water,  Ibi 

and  nn  eihcrial  liquor.    Saturate  the  formic  acid  with  carbonate  of  limt,  mud 

liquor  a  second  time  to  preMrve  the  etherial  liquid  which  comes  over  with  the 
and  from  which  it  may  be  afterwards  separated  by  distiUiog  it  off  ftiaad 
calcium.    T. 

t  See  his  interestiog  paper  in  Amer.  Jowr,  xxziL  140. 

lifm.  tfs  Ckim.  ti  d$  Phyt.  lii.  107.  iJmt.  d9  Pkmrm,  vL  M 


"     AummtMd.  875 

considerable  resembiaDce  to  acetic    Very  dilute  formic  acid  ia  said    atcuii, 

to  undergo  spontaneous  decomposition  like  vinegar.* 

1617.  Mellitic  Acid.  CA+H  =  67.48.  (l.)  Combined  with  alu-  BtolUtk 

mina  this  acid  constitutes  a  rare  mineral,  meUUe  or  honey^sUme.     It       * 

may  be  obtained  by  the  following  process  of  Wohler. 

Reduce  roellite  to  fine  powder,  digest  in  •  eolution  of  carbonate  of  emiiKnuft ;  Process* 
•Aer  the  liquid  hat  taken  up  all  the  mellitic  acid,  the  exceaa  of  ammonia  ia  es- 
palled  bv  boiling ;  filter,  evaporate  until  cryatala  appear.  The  crvatala  are  then 
diaaolved  in  water,  and  acetate  of  lead  added.  Tne  mellitate  of  lead  is  decern- 
poeed  by  hydroeulpburic  acid.  The  solution  separated  by  filtration  from  the  sul- 
phuret  of  lead  yields,  on  evaporation,  a  white  slightly  crystalline  powder ;  it  is 
soluble  in  alconol,  from  which  it  may  be  obtaiaed  by  Tery  slow  evaporation  ia 
csdiated  groups  of  acicalar  crystals. 

•   •  •  ••• 

161S.  The  dry  acid  is  not  changed  by  boiling  in  N  or  S.  TheEflectof 
aqueous  solution  tastes  and  reacts  strongly  acid.  Boiled  in  alcohol,  ^•■*»  **• 
it  seems  to  form  an  acid  mellitate  of  ether.  It  forms  salts  by  uniting 
with  the  base  ;  its  alkaline  salts  are  soluble,  and  may  be  obtained  in 
crystals,  but  with  the  other  metallic  oxides  it  forms  either  insoluble 
or  very  sparingly  soluble  compounds.  These  salts  are  decomposed 
by  heat,  but  the  silver  salt  suffers  in  the  first  instance  a  peculiar 
change ;  at  356°  1  eq.  of  water  is  separated.! 

1619.   Succinic  Acid,    C^HaOs,  =  50.  (T.)  This  acid  is  obtained  Succinic 
from  amber  (sHccinum)^  and  hence  its  name.  ^^' 

Fill  a  retort  half  wav  with  powdered  amber^  and  cover  the  powder  with  a  Prooesa. 
i|Mmtity  of  dry  sand ;  lute  on  a  receiver,  and  distil  in  a  sand-batn  without  em- 
oloying  too  much  heat.  The  suocmic  acid  attaches  itself  to  the  neck  of  the  retort 
It  is  purified  by  dissolving  in  hot  water  and  ptUting  in  the  filter  a  UtUe  cott(»n, 
previously  moistened  with  oil  of  amber,  which  retains  most  of  the  oil,  and  allows 
the  solution  to  pass  clear.    It  is  subsequently  crystallized  by  gentle  evaporation, 

*  this  proceea  is  to  be  repeated  till  the  acid  is  sufficiently  pure. 


1620.  Succinic  acid  maybe  obtained  in  three  states:   I.  com- Msy  l»e  ob- 
bined  with  an  atom  of  water;  2.  with  half  an  atom;  and, 3.  anhy-{][|^'° 
drous.  slates. 

The  first  is  the  crystallized  acid  of  the  shops,  when  pure.  It  is 
soluble  in  water,  but  less  so  in  alcohol,  and  scarcely  at  nil  in  ether. 
It  melts  at  356°  and  boils  at  455^.  When  the  crystallized  acid  is 
kept  for  a  long  time  in  a  retort  at  a  temperature  between  266*^  and 
5184*,  it  undergoes  a  remarkable  change.  A  great  number  of  white 
needles  are  deposited  and  a  little  water  is  disengaged.  These  nee- 
dles consist  of  succinic  acid  deprived  of  half  its  water,  while  the  por- 
tion in  the  retort  remains  unaltered. 

1621.  The  anhydrous  acid  maybe  obtained  by  distilling  a  mix- Aohydrons 
tore  of  dry  phosphoric  acid  with  crystallized  succinic  acid.     The^"^* 
beat  method  is  to  fuse  the  succinic  acid  in  a  retort,  and  then  add  the 
phosphoric  acid,  and  distil  slowly. 

Succinic  acid  dissolves  in  96  parts  of  water  at  50^  in  24  parts  at  SolubUity. 


*  Thomson  states  that  he  bas  preserved  Urr  several  years,  formic  acid  prepared  by 
Dobereiaer^s  process,  dilute,  but  stronger  than  vinegar. 

t  Since  the  silver  salt,  dried  at  SI2^.  can  retain  no  water,  it  is  probable  that  the 
vaier  is  first  formed  st  the  above  heat  hy  the  hydro(^n  of  the  acid,  and  the  oxyiren  of 
the  oxide  of  silver,  when  the  salt  passes  into  a  combinstion  of  silver  snd  carbonic  ox- 
ide C4O4,  the  latter  actiug  the  part  of  chlorine  or  any  other  haloid  aubstanoe. 
(Liebia*) 
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Chap,  vf.  52^,  and  in  3  parts  at  212°.     The  anhydrous  acid  is  less  soluble  in 
water  than  the  hydrous,  but  more  soluble  in  alcohol  and  ether. 

Succbfttef.  1622.  The  compounds  which  this  acid  forms  with  bases  are 
termed  siicctruUes,  The  alkaline  succinates  are  soluble  in  water. 
This  is  not  the  case  with  succinate  of  baryta,  hence  baryta  is  pfcd* 
pitated  from  a  neutral  solution  by  succinate  of  animonia.  Thisak 
likewise  precipitates  mercury  and  lead.  It  throws  down  iron  ism 
all  solutions  provided  the  iron  be  in  the  state  of  peroxide  and  tbeie 
be  no  excess  of  acid  present. 

AceticaciH.  1623.  Acetic  Acid*  C^HsOg  =  51.  (T.)  This  acid  ia  employed  ia 
three  different  states.  When  first  prepared  it  is  called  vinegar;  whea 
purified  by  distillation  it  assumes  the  name  of  distilled  vinegar  ^  anally 
called  acetous  acid  by  chemists ;  when  concentrated  as  much  as  pot* 
sible  it  is  called  radical  vinegar  and  acetic  acid. 

Vioegar.  1624.  Vinegar  is  usually  prepared  by  subjecting  liquids  that  have 
undergone  the  vinous  fermentation,  to  the  action  of  air  ;  rouchoxypa 
is  then  absorbed.  Many  solutions  of  vegetable  matter  prodaoi 
vinegar.* 

When  distilled  at  a  temperature  not  exceeding  that  of  boiling  wa- 
ter, till  about  two  thirds  or  five  sixths  of  it  have  passed  over,  mostaf 
the  impurities  are  left  behind  and  the  product  is  pure  acid,  dihitel 

Distilled  or  with  water.     Distilled  vinegar  or  acetous  acid  is  transparent  aai 

^j^"*       colourless,  of  a  strong  acid  taste  and  an  agreeable  odour. 

Acetic  acid.  1625.  To  obtain  oce^ic  acid,  or,  as  it  has  been  sometimes  called, 
radical  vinegar^  distilled  vinegar  may  be  saturated  with  some  oe 
tallic  oxide,  and  the  acetate  thus  obtained,  subsequently  decomposed. 

Obtained.  It  is  thus  procured  by  distilling  acetate  of  copper^  or  crystaJUxei  to* 
digris,  in  a  glass  retort  heated  gradually  to  redness  :  it  reqaina 
re-distillation  to  free  it  from  a  little  oxide  of  copper  which  paaaei 
over  in  the  first  instance.  Acetic  acid  may  also  be  obtained  by 
distilling  acetate  of  soda  or  acetate  of  lead  with  half  its  weight  i 
sulphuric  acid  :  or  from  a  mixture  of  equal  parts  of  sulphate  of  eap- 
per  and  acetate  of  lead;  in  these  cases,  the  acid  passes  overaia 
moderate  temperature. 

Pyroiifpe-       1626.  A  considerable  quantity  of  acetic  acid  is  also  now  piooual 

ous  acid,  ^y  ^^Q  distillation  of  wood  in  the  process  of  preparing  charcoal  it 
the  manufacture  of  gunpowder.  The  liquor  at  first  procured  is  uaa- 
ally  termed  pyroligneous  acid;  it  is  empyreumatic  and  imparsiaW 
several  processes  have  been  contrived  to  free  it  from  tar  and  ockr 
matters  which  it  contains.  It  may  be  saturated  with  chalk  aW 
evaporated,  by  which  an  impure  acetate  of  lime  will  be  obcaiaed, 
and  which,  mixed  with  sulphate  of  sodat  furnishes,  by  double  deea» 
position,  sulphate  of  lime  and  acetate  of  soda ;  the  latter  distiOed 
with  sulphuric  acid  afibrds  a  sufficiently  pure  acetic  acid*  wUch  by 
dilution  with  water  may  be  reduced  to  any  required  strength.  Thi 
purification  of  this  acid  has  been  brought  to  great  perfection.! 
1627.  Acetic  acid  obtained  by  the  processes  described  is  tiaiHp 

ofMeUc'   rent  and  colourless,  its  odour  highly  pungent  and  it  blisten  aad 

add.  excoriates  when  applied  to  the  skin.     Its  specific  gravity  'n  1.0601 

*  For  other  details  tee  Permeniation* 

t  For  a  fall  account  of  the  prooesMS  tet  Urt'a  DkL  ArU  and  Man,  8. 


•xtremely  Tolatile,  and  iu  vapoar  readily  burnt.    It  combines   <tun. 

proportions  with  water,  and  when  considerably  diluted  resem- 

istilled  vinegar.     When  highly  concentrated,  it  crystallizes  at 

mperature  of  40^  F.,  but  liquefies  when  its  heat  is  a  little  above 

oint.    In  this  state  it  is  called  glacial  autic  acid, 

!8.  Liquid  acetic  acid,  consisting  of  one  atom   acetic  acid, 

ne  of  water,  which  has  a  specific  graTtty  of  1.06296,  does  not  Jhvpmt^m, 

n  litmus  paper.     It  may  be  kept  in  contact  with  dry  carbonate 

le,  or  even  boiled  over  it  without  disengaging  a  single  bubble 

gas,  or  combining  with  the  lime,  yet  it  dissolves  quicklime  in- 
y.  It  decomposes  carbonate  of  potassa,  soda,  lead,  zinc,  strontia, 

•  • 

i  and  magnesia,  disengaging  G.     When  mixed  with  several 
its  volume  of  alcohol,  it  loses  its  action  upon  these  carbonates.* 
!9.  Acetic  acid  possesses  but  little  energy  in  combining  with  Combioinf 
.  being  displaced  by  most  of  the  other  acids.     It  forms  with  po^'- 
a  class  of  salts  called  acetates^  several  of  which  are  important, 
are  all  soluble  in  water.t 

10.  When  the  vapour  of  alcohol  is  brought  into  contact  in  the 
phere  with  the  black  powder  obtained  by  mixing  hydrochlorate 
tinum,  potassa  and  alcohol,  vinegar  is  rapidly  formed.  It  is  thus 
red  in  Germany.^ 

Mue,  Ajut.  de  Chim,  et  de  Phyt.  i.  314.  t  Thomtoo'i  Org.  (yiem, 

I  powder  is  called  Platina  Mobr  aiMi  is  thus  made :  nMlt  platinam  ore  with  dou-  PuuM-Makr 
weight  of  zinc,  redace  the  alloy  to  powder,  and  treat  it  at  first  with  dilate  Proem  for 

next  with  dilate  N,  to  oxidize  and  dissolve  oot  all  the  zinc,  which  is  somewhat 
I,  eren  at  a  boiling  heat.    The  insolable  blaclc-my  powder  contains  some  os- 

of  iridium  united  with  the  erode  platinom.  This  compound  acts  like  simple 
■black  after  it  has  been  purified  hj  difestion  in  potash  lej,  and  washing  with 

Its  oxidizing  power  is  so  great  as  to  trausform  not  only  formic  acid  into  the 
c,  and  alcohol  into  rinegar,  but  even  some  osmic  acid,  from  the  metallic  oami- 
*his  powder  explodes  by  heat. 

n  the  platina-TnoAr,  prepared  by  means  of  zinc,  is  moistened  with  alcohol,  it  J^^^^^  ,„.  ^. 
a  incandescent,  and  emits  osmic  acid ;  hot  if  it  be  mixed  with  alcohol  into  a  eohei  prod* 
md  spread  opon  a  watch  glass,  nothing  but  acetic  will  be  disengaged ;  a^rd-  •«m>«mIA. 
sk^^t  means  of  difiusing  the  odour  of  Tinenr  in  an  apartment. 

I  this  powder  Tinegar  may  be  made  in  the  following  manner :  Under  a  large 
'hich,  for  experimental  purposes  may  be  made  of  glass,  several  saucer-shaped 
of  pottery  or  wood  are  to  be  placed  in  rows,  upon  sbelTSs  over  each  other,  a  tew 
apart.  A  portion  of  the  black  platina  powder  moistened  being  suspended  over 
an,  let  as  much  vinous  spirits  be  put  into  them  as  the  oxygen  of  the  included 

II  be  adequate  to  acidify.  This  quantity  may  be  inferred  from  the  fact,  that 
ibie  ioches  of  air  can  oxyg^enata  1 10  grs.  of  ansolute  alcohol,  converting  them 
I  grs.  of  absolute  acetic  acid  and  64|  grs.  of  water. 

above  apparatus  is  to  be  set  in  a  light  place  (in  sunshine,  if  eonvenient),  at  a 
ituft  offrom  S8®  to  86°  P.,  and  the  evaporation  of  the  alcohol  is  to  be  promoted 
png  several  leaves  of  porous  paper  in  the  caae,  with  their  bottom  edges  dipped 
ipint    In  the  course  of  a  few  minutea  the  motoal  action  of  the  platina  ana  the 

will  be  displayed  by  an  increase  of  temperature,  and  a  generation  of  acid  va- 
which,  condensinff  on  the  sides  of  the  glass  case,  trickle  in  streams  to  the  hot- 
rhis  continues  till  all  the  oxysen  of  the  air  is  ooosamed.  If  we  wish  to  renew 
oeas,  the  case  mast  be  opened,  and  replenished  with  air.  With  a  box  of  12 
cet  in  capacity,  and  with  7  or  8  ounces  of  the  platina  powder  we  can  in  the 
of  a  day,  convert  one  pound  of  alcohol  into  pore  acetic  acid,  fit  for  every  pur- 
lUnary  or  chemical,  with  from  20  to  30  lbs.  of  the  powder  (which  does  not 
,  we  may  transform,  daily,  nearly  300  Iba.  of  bad  spirits  into  the  finest  vinegar. 

S89.M  parts  bv  weight  of  alcohol  =  His  C4  Os 

consist  01 74.88      of  hydrogen  k  Hia 

305.76      of  carbon  sCU 

200.00     ofozygtn  sOi 
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ci»*p«  v^       The  following  are  among  the  roost  important  of  the  acetates: 

Aceuu  of       1631.  Acetate  ofAtmnonia  is  a  very  deliquesceDt*  soluble  salt,  and 

unmooim.  extremely  difficultly  crystallizable.  In  solution,  obtained  by  all- 
rating  distilled  vinegar  with  carbonate  of  ammonia^  it  constituteithi 
ammonia  acetas  liquidus  of  the  U.  S.  P.  which  has  long  been  anl 
in  medicine  as  a  diaphoretic,  under  the  name  of  spirit  ofmimdenm 

Of  potaisa,  1632.  Acetate  of  Potassa  is  usually  formed  by  saturating  diitiU 
vinegar  with  carbonate  of  potassa,  and  evaporating  to  drynen.  If 
this  salt  be  carefully  fused,  it  concretes  into  a  lamellar  deliaiiescai 
mass  on  cooling,  it  is  the  terra  foliata  tartaric  aod  fdirifltgtwlt 
of  Sylvius  of  old  pharmacy.  It  dissolves  in  its  own  weight  of  wM 
at  60^,  and  the  solution  has  an  acrid  saline  taste. 

Of  lime,  1633.  Acetate  of  Lime,  is  a  difficultly  crystallizable  salt,  leidiij 

soluble  in  water,  and  of  a  bitter  saline  taste  consisting  of  1  at  liae, 
1  at.  acid,  and  6  at.  water.*  It  is  sometimes  obtained  by  satan^ 
the  vinegar  formed  during  the  distillation  of  wood,  and  employed  a 
the  preparation  of  acetate  of  alumina,  which  is  used  by  the  cali» 
printers  as  a  mordant. 

Of  iron,  1634.  Acetate  of  Iron,     The  protacetate  is  formed  by  digeMf 

sulphuret  of  iron  in  acetic  acid  ;t  it  yields  green  prismatic  crjMk 
of  a  styptic  taste,  and  readily  soluble  in  water  ;  the  solution  becHHi 
brown  by  exposure  to  air,  and  passes  into  peracetate^  which  uw 
crystallizable,  and  obtained  by  digesting  iron  in  acetic  acid.  TUi 
compound  is  used  by  calico-printers,  who  prepare  it  either  by  difei^ 
ing  iron  in  pyroligneous  acid,  or  by  mixing  solution  of  acetileif 
lead  with  sulphate  of  iron,  and  exposing  the  filtered  solution  to  air. 

Of  sine,  1635.  Acetate  of  Zinc,  1  at.  acid,  5  ox.  zinc,  7  water,  (T.)  is  ta» 

ed  either  by  dissolving  oxide  of  zinc  in  acetic  acid,  or  by  raixiifi 
solution  of  sulphate  of  zinc  with  one  of  acetate  of  lead.  It  cryittl- 
li^s  in  thin  shining  plates  of  a  bitter  and  metallic  taste,  Terr  solihk, 
but  not  deliquescent.  This  salt  is  sometimes  used  in  pharmej. 
chiefly  as  an  external  application.^ 

Oftin,  1636.  Acetate  qf  Tin,  This  mineral  is  slowly  acted  on  by  ittK 

acid,  but  a  protacetate  and  peracetcUe  of  tin  may  be  made  by  miniC 
acetate  of  lead  with  saturated  solutions  of  the  protochloride  waift^ 
chloride  of  tin.  These  solutions  have  been  recommended  as  ai^ 
dants  for  the  use  of  dyers.  The  protacetate  is  crystallizable.  Fi» 
gar  kept  in  tin  vessels  dissolves  a  very  minute  portion  of  the  mdri; 
and  in  pewter  vessels  it  likewise  dissolves  a  small  portion  of  iki 
lead,  where  in  contact  both  with  the  vinegar  and  air ;  hence  diadlbl 


If  we  combine  with  this  mixture  400  parti  of  oxygen         ==  O4 

we  have  of  water  337.44  ss  He  0» 

acetic  acid  643.20  =  He  C4  Ote 

Henoe  100  parts  by  weight  of  alcohol  take  68.89  parti  of  ozrgcn,  and  tbart  Ht^ 
doced  66.11  parts  of  water,  and  110.78  of  acetic  acia.  Vtt*:£hel.  qfArUamiMi^ 
2  and  1001. 

*  Thomson. 

t  According  to  Thomson  it  coniistaof  1  atom  acetic  add,  I  protoxide  of  ■■.> 
atoms  water. 

t  According  to  Messrs  Aikin,  the  specific  gravity  of  a  satnrmted  solatioBof  wtt' 
of  zinc,  made  by  diffesting  the  salt  in  distillM  Tinegar,  ia  10S5.  Qf  thia  aolaiiflB  W 
grains  contain  63  of  dry^  or  82.6  of  crystallized  acetate.  One  oonoe  by  mnsne  sf  tk* 
solotioii  weif^  606  grams,  and  eontam  S9J  grains  of  diy,  or  464  gfaina  afujwiliw^ 
aalt. 


Autalu.  STd 

▼inegar,  which  has  been  condensed  in  a  pewter  worm,  affords  gene-    8*ct-iL 
rally  traces  of  both  metals.* 

1H37.  Acetate  of  Copper,     By  exposing  copper  to  the  fumes  ofActuuof 
▼inegar,  it  becomes  gradually  incrusted  with  a  green  powder  called  copptr, 
verdigris,^  which  is  separable  by  the  action  of  water  into  an  insolu- 
ble  subacetate  of  copper ^  and  a  soluble  acetate. 

Acetate  of  copper  may  be  obtained  by  digesting  verdigris,  or  oxide 
of  copper,  in  acetic  acid ;  by  evaporating  this  solution,  it  is  obtained 
in  prismatic  cr}'stals  of  a  fine  green  tint.  It  dissolves  sparingly  in 
water  and  alcohol,  and  communicates  a  beautiful  blue-green  colour 
to  the  flame  of  the  latter ;  by  distillation  it  affords  a  very  pure  acetic 
acid. 

1638.  Acetate  of  Lead.     1  at.  acid,  1  protox.  lead,  3  water  (T).  oflead, 
This  is  the  Sugar  of  Lead,  and  Sait  of  Saturn  of  the  old  chemists : 

it  may  be  regarded  as  the  most  important  of  the  acetates ;  it  is  used 
in  pharmacy,  and  by  dyers  and  calico-printers  for  the  preparation  of 
acetate  of  alumina  and  of  iron,  which  are  formed  by  mixing  its  solu- 
tion with  that  of  the  sulphates  of  those  metals,  an  insoluble  sulphate 
of  lead  being  nt  the  same  time  produced.  Acetate  of  lead  is  formed 
by  digesting  the  carbonate  in  distilled  vinegar,  or  in  the  acetic  acid 
obtained  by  the  destructive  distillation  of  wood  ;  it  usually  occurs  in 
masses  composed  of  acicular  crystals ;  the  crystalline  form  is  an 
oblique  angled  prism. t  Its  taste  is  sweet  and  astringent,  and  it  is 
soluble  in  about  four  parts  of  water  at  60^. 

When  exposed  to  the  air  it  undergoes  no  change.  When  dissolved 
in  water,  a  small  quantity  of  white  powder  falls,  which  is  a  carbo- 
nate of  lead,  formed  by  the  carbonic  acid  which  usually  exists  in 
water,  or  a  sulphate  when  sulphuric  acid  is  present.  If  carbonate  of 
lead  is  formed  a  slight  addition  of  acetic  acid  renders  the  solution 
dear. 

1639.  The  sulhocetaie  of  lead,4  commonly  cMeiextractumsatttmi^  Sob-acetAta 
is  prepared  by  boiling  acetate  of  lead  with  litharge.     This  salt  is  less  ^^  ^**^' 
sweet  and  less  soluble  in  water  than  the  acetate,  has  an  alkaline  re- 
action and  crystallizes  in  white  plates  by  evaporation.     It  is  decom- 
posed by  a  current  of  carbonic  acid,  with  production  of  pure  carbonate 

of  lead;  and  forms  a  turbid  solution.  It  appears  from  the  analysis 
of  Berzelius  to  consist  of  1  atom  of  acid  and  3  atoms  of  the  oxide  of 

1640.  Frotacetate  of  Mercury  is  formed  by  mixing  a  solution  of  ni-  meieorj. 
tiate  of  mercury  with  acetate  of  potassa. 

*  Vanquelin,  Ann,  dc  Chim.  xzxii. 

t  iXaeeiaie  of  Thomion,  1  atom  acid,  S  oxide  of  copper,  S  water.  According  to  Urt, 
vtidisrit  it  a  mixture  of  crygiallixed  acetate  and  subacetate  in  varying  proportions. 
8m  dcacription  of  the  manufacture  in  Ure's  Did.  1973. 

The  oompotition  of  the  acetate,  as  stated  by  Thomson,  is  I  at.  acid,  1  oxide  copper, 
I  water.  PhilliDs  has  Biren  the  following  comparative  statement  of  the  composition 
flftbe  different  liinds  of  verdigris : 

Uluf  Crjriult. 

Acetic  acid  .  88.30 

Peroxide  copper  .  43.26 

Water  88.46 
Impurity      ...  0 

100  100  too 

t  Brooke,  in  Ann.  PkUo$,  (8d  saritB)  vi.  374. 

§  TritmrHnft  of  Thomson  who  bat  detcribed  ttftial  aMttttt  of  Itadifer  •>  Mooont 
«f  which  tat  /norg.  Cktm.  ii.  648. 


Frfnrli  VenlifTi* 

Kiigluh. 

29.3 

89.68 

43.6 

42.26 

25.8 

27.61 

2.0 

0.68 

3dt)  VegMUeAadi. 

Chip.  VI.       For  thii  parpoM  diaw>lve  three  ounce!  of  roerenrr  in  about  four  oanc«  nd  ■ 

half  of  cold  nitric  acid,  add  mix  this  solution  with  three  ounc«e  of  •oetme  of  ^ 

tassa  previously  dissolved  in  eight  pints  of  boiling  water,  and  set  the  whole     ^ 
to  crystallize,  which  takes  place  as  the  liquor  cools,  and  the  acetate  of  i 
then  separates  in  the  form  of  micaceous  crystaUine  platea,  which  are  to  be 
in  cold  water,  and  dried  on  blotting-paper.* 


This  salt  has  an  acrid  taste,  and  is  very  difficultly  soluble  in 
requiring,  according  to  Braconnot,t  600  parts  of  water.  It  n  !■» 
hible  in  alcohol.  It  was  once  used  in  medicioe.t  The  peneeM 
is  formed  by  dissolving  red  oxide  of  mercury  in  acetic  add,ai 
boiling  the  solution  on  fresh  oxide  till  the  acid  is  saturated. 
Acetsieof  1041.  Acetate  of  Alumina,  This  salt  is  exteusively  emplojcl 
aiuiniim.  by  calico-pr inters  as  a  mordant  or  basis  for  fixing  colours ;  they  w 
duce  it  by  mixing  solutions  of  alum  and  acetate  of  lead  :  about  tnm 
pounds  of  alum  are  dissolved  in  eight  gallons  of  water*  and  a  poQil 
and  a  half  of  sugar  of  lead  stirred  into  it ;  a  copious  formation  of  sit 
phate  of  lead  ensues  which  is  allowed  to  subside,  and  the  clear  liqMr 
holding  acetate  of  alumina  and  a  portion  of  undecomposed  alonu 
solution,  is  then  drawn  off,  a  portion  of  pearlash  ana  chalk  lidi|| 
added  to  it  previous  to  use,  in  order  to  saturate  any  excess  of  acid. 

1642.  Acetate  of  alumina,  formed  by  digesting  recently  precipilMi 
alumina  in  acetic  acid,  may  be  procured  in  deliquescent  acicolar  dp 
tals  of  an  astringent  taste,  and  containing,  according  to  BichMi 
73.81  acid  -f*  26.19  alumina:  hence  it  is  probably  a  HnaceiaU, 

This  salt  is  also  produced  by  the  mutual  decomposition  of  aosMi 
of  lime  and  alum.  A  gallon  of  a  solution  of  the  acetate,  of  a  tp.  n 
of  about  1.050,  equivalent  to  nearly  half  a  pound  aroirdupoisofaf 
acetic  acid,  is  employed  for  every  2f  lbs  of  alnm.^ 

Lactic  acid.       ^^'   ^^^^  ^^'    ^'^^^^  ""  '^2-      ^^^^  ^'^^^  "  ^'^P^  for  SBBI 

'  time  it  turns  sour,  and  to  the  acid  evolved  Scheele  gave  the  mui 
lactic  ;  it  has  since  been  obtained  from  several  vegetable  bodies  leftM 
spontaneous  fermentation.  Gay-Lnssac  and  Pelouze  have  obcaiDcd  t 
from  the  beet  root  juice.ll  It  is  colourless,  of  a  syrupy  conaislesH^ 
and  at  69°  has  a  sp.  gr.  of  1.215.     It  has  no  smell,  but  is  citisaetf 

sour.  Water  and  alcohol  dissolve  it.  Boiled  with  concentialai  I 
it  is  converted  into  oxalic  acid.  It  dissolves  the  phosphate  of  liai 
of  bones  rapidly ;  boiled  with  acetate  of  potassa,  it  disengagw  Ai 
acetic  acid. 
Effector  16^  1*^^  concentrated  acid,  bested  gradually,  becomes  ■■§ 
]iei^t,  fluid,  darker,  and  gives  a  white  solid,  which  when  pure  dissohsiJi 

boiling  alcohol,  from  which  crystals  are  deposited  on  cooling.  1W 
crystals  fuse  at  125°,  and  boil  at  482° :  they  give  out  white  irrilMiiV 
vapours,  which  condense  upon  cold  surfaces  and  recT3rstalliss ;  tKf 
are  inflammable.  The  salts  formed  with  this  acid  are  tennel  li^ 
taies.V 


*  Edin.  Pharmacop,    In  preparing  thii  salt,  the  quantity  of  water  fa  ^ 

the  acetate  need  not  be  so  large  at  aboTe  directed,  one  pint  bmmg  saBoMi,  Irtils 
necessary  to  pour  the  mercurial  solution  into  the  acetate. 

t  Ann.  de  Chim,  izzxri.  99.  t  Proust,  Jour,  de  Pkyt,  hri. 

f  lire's  />£e<.*~art.  Alumina, 

il  For  details  of  the  process  see  Thomtoo's  Chtm,  q/*  Org.  JBmUmf  l.St. 

V LiaUs hM ali0«ni  Umt  the  aeid ia Sflwer iTMrf  if  tha ImHc    Am.* 
nlii.  lis. 


am 

Buume  Add,    This  acid  exists  io  gum  bcnaoin,  in  dragon    w^cuil 
c. ;  it  is  formed  according  to  Liebig  by  the  oxidation  of  the  Benzoic 
)f  bensule*  in  the  air,  and  by  the  deconipositioQ  of  many  •ci^l* 
ds  of  benzule  and  of  hipparic  acid  and  aoiygdaline  by  oxidn 
Its ;  by  the  action  of  potassa  on  the  essential  oils,  cinnamon 

izoin,  in  coane  powder,  alone  or  mixed  with  an  equal  weicht  of  aand,  Procesi. 
pon  the  bottom  of  a  round  TeMel  of  iron,  the  tides  of  wnich  ■bould 
«  than  three  inches  high.  A  sheet  of  dry  bibaloas  paper  is  stretched 
r  the  opening,  and  fastened  to  the  sides  of  the  Tessel  by  a  little  paste. 
B  of  thick  paper,  and  of  the  common  form  of  a  man's  hat,  is  made  to  co- 
lole,  and  tigntly  tied  to  the  sides  of  the  Teasel  by  a  strong  string.  The 
ow  placed  upon  sand  spread  upon  an  iron  plate,  below  which  a  fire  is 
-4  nours.  The  vapours  of  tne  sublimea  benzoic  acid  pass  readily 
•  pores  of  the  bibulous  paper,  and  are  deposited  in  crystals  upon  the 
rjstals  are  prevented  from  falling  back  into  the  iron  vessel  by  the  pa- 
closes  its  opening.t  This  is  continued  as  long  as  a  deposite  of  ciys- 
rred. 

the  moist  way ;  equal  parts  of  finely  powdered  benzoin  and  The  moist 

)f  lime  are  most  intimately  mixed,  and  then  boiled  for  se-  ^*^' 

irs  in  40  parts  of  water ;  the  filtered  liquid  must  then  be 

(d  to  one  fifth  its  vol.  and  treated  with  hydrochloric  acid, 

I  benzoic  acid  will  crystallize  as  the  solution  cools. t 

puric  acidi  is  boiled  for  one  quarter  of  an  hour  in  nitric  acid  Another. 

1.42,  after  which  water  is  added  and  the  solution  allowed 
Uize.     The  acid  obtained  from  gum  benzoin   is  purified 

a  second  sublimation,  or  being  ^iled  in  nitric  acid,  or  by 
hlorine  gas  through  its  boiling  aqueous  solution. 
The  benzoic  acid  exists  ready  formed,  and  principally  in  a  Ready 
,  in  the  gum  benzoin,  from  which  it  is  separated  by  subli-  £""*^  " 

On  boiling  hydrate  of  lime  with  gum  benzoin,  the  benzoic 
ssolved,  and  the  resinous  parts  lef^ ;  by  a  strong  acid  the 
of  lime  is  decomposed,  and  the  benzoic  acid  separated. || 
This  acid  crystallizes  in  soft  white  scales,  which  are  flexi-  Properties, 
sparent,  and  of  a  pearly  lustre ;  or  in  hexagonal  needles, 
ire  it  is  inodorous,  but  if  gently  warmed  it  smells  like  gum 

it  has  a  slightly  biting  but  sweetish  taste,  produces  a  burn- 
ition  in  the  throat,  reddens  litmus  feebly,  fuses  at  250^,  sub- 

lefcf,  GsRsOi,  is  obtained  by  digestiDg  cork  in  nitric  acid. 
He  Add,  see  Naphtbaline. 

e  denotes  the  hypothetical  radical  of  a  series  of  compounds  which  are 
rom  the  volatile  oil  of  the  bitter  almoud,  or  are  oooneeted  with  it  by  certain 
The  oil  of  bitter  almonds  itself  is  always  a  product  of  the  decomposition  of 
which  eiists  in  the  keraels  of  most  stone  fniilt,  and  in  the  leaf  of  the  laufo- 
kam  whieh  it  may  be  obtained  in  a  variety  of  ways.  lu  formula  is 
t  symbw  sBs  Bz ;  e^>  »  lOft.SS.  Lisbigaad  Tumer*8  Bum,  SS3. 
MS  ttfll  been  obtained  in  a  free  state,  bat  may  be  sepniatsd  from  one  sub- 
tmaaferred  to  another  in  numerous  cembinauons. 

lime  be  taken,  or  if  a  perfect  admixtnrs  be  neglected,  the  whole  will  bake 
mass  in  the  boiling  water ;  in  this  ease  the  ham  fragments,  after  the  whole 
,  omst  be  again  mixed  with  bydiate  of  Usm. 

I  stained  fVom  the  urine  of  the  hone,  coavertiblt  into  benzoic  add,  see 
Thomson's  Org,  Ckem.  47. 

•ooamnisal  attbod  of  purifying  the  aeid  tea  ^im.  lis  Ckbn.  si  Pi^.,  Ivi. 
konaon's  Org,  CSIsm.  4a. 


o&Z  Fegtlabk  dadi. 

Of.  VI.  limes  at  300°,  (an  appearance  of  light  is  frequentlyobMrred  h  it 
dark,)  boila  at  462°,  yielding  a  vapouT  of  sp-  gr-  4.27. 

The  Eublimition  may  be  beiutifully  loen  bj  niipanding  •  *inill  I^H 

branch  of  a  abrtib  nithin  i  tall  gjaia  without  a  bottom,  plwing  »  |h 

bidbII  quantity  oTthe  acid  upon  a  plate  of  metal  on  a  atatad,  cover-  f^^ 

in^  it  with  tbe  jar  and  applying  ibe  heat  of  a  lamp  (o  vaporiie  tlia  F  ^ 

acid ;  the  branch  will  be  covered  with  delicate  white  crjstaia  of  ^r 

lh«  acid.  ^ 

Action  of        1648.  ft  is  not  chaneied  by  chlorine,  or  by  beinir  boiled  ' 

cblorine,  o        j  j  e  I  i^\ 

^'  with  dilute  N,  but  by  the  fuming  acid  it  is  convened  into      )  Q 

a  yellow  resinous  substance  of  a  Btroogly  bitter  taste.     It      ^^ 

is  dissolved  by  concentrated  S,  but  falls  upon  the  addition  of  wiB. 

It  is  soluble  in  200  parts  of  cold  and  25  parts  of  bailing  wiler.  b 

formula  is  C„H.Os+aq.,  <"  BzO+ag. ;  eg.  =123.68. 

rfHSSo-        '^^^'  Jie^oatt!  of  Ammonia,  NH^O,  BzO,    is  prepued  faf  fr 

nia.  solving  benzoic  acid   in  puie  concentrated  ammonia,  by  the  ni^ 

heal,  till  the  Intler  is  saturated,  «ben  it  is  allowed  to  cool.     Ilfah 

feathery  acicular  crystals,  which  deliquesce  in  a  moist  air,  aodvi 

soluble  in  absolute  alcohol.     Tbe  acid  salt  is  formed  by  boilioglii 

exposing  to  spontaneous  evaporation  the  neutral  salt,  with  the  Ml' 

ammonia,  it  is  deposited  in  Targe  regular  crystals. 

Solab^and      1650.  The  soluble  benzoates  of  metallic  oxideshare  aslroaghili[ 

^inia.    saline  taste,  and  are  decomposed  by  most  other  acida  with  the  mm- 

ration  of  benzoic  acid  ;  the  same  change  occurs  with  the  iDSoUb 

salts,  when   the  acid  which  is  added   forms  a  soluble  salt  irilb  ^ 

metallic  oxide.     The  benzoates  of  the  alkalies  are   decompo«d  if 

destructive  distillation  into  carbonates,  and  a  variety  of  netr  pradiA 

Exposed  to  a  red  hent  with  an  excess  of  hydrate  of  lime,  the  ariJa 

decomposed  into  benzole,*  and   carbonic  acid   which  uoiies  ^ 

the  limc.t     L. 

fhxd  Aeidt. 
Maiicaeid  '^''  ^'^i<^  ■^'^'^-  C,H,0,,  eq.  60.0.  The  existence  of  a  peoEi 
'  acid  in  the  juice  of  apples,  was  shown  by  Scheele,  in  178S.  Bt^ 
tained  it  by  adding  solution  of  acetate  of  lead  to  tbe  expressed  jott 
of  unripe  apples,  by  which  a  malait  of  Itad  was  formed,  aod  ifa- 
wards  decomposed  by  sulphuric  acid^  Vauquelin  obtained  itbft 
similar  process  from  the  juice  of  the  AouM-Jeeit:.  The  same  aciJ» 
ists  in  the  berries  of  the  mountain-ath,  from  which  it  wu  ft( 
obtained  by  Donovan  in  1816,  and  called  by  him  lorbic-aeid;  kik* 
given  the  following  process  for  ita  preparation.} 

Expreia  tbe  juice  of  the  ripe  beirioa,  and  add  solution  or  acctala  oTla^A 

iihooJ'  ■'  ■  "■  ■    ~ 


and  allow  it  la  pan  through  the  precipitate  into  glan jan ;  ■nor  i 

tals  are  deposited,  which  are  to  M  boucdwith  8.3  timei  their  weickt  oThWm 

•cid,  Hpecific  gravity  l.OSO.    The  clear  liquor  ia  to  be  poored  off,  and,  wUtiA 


:b.+ehrd.^79.4«i  CiiUl  (Licbig.) 
riplion  of  bcnziulo  aee  Tutner  and  Liebig'i  Slem.  897. 
lie  Aeid  wa*  Dbtiiord  by  Dumaa  and   Peli|^i  from  oil  of  dai 
ODSider  a  compouad  of  bvdrc«tn  and  tbt  baia  af  ttiia  acid  arcta 
m  AjFdrrt  (^  dnnammil.     Tliit  acid  oeenri  in  o[d  eU  at  dsM 

-)- 
tPM.  TVan«.  tail. 


Tartaric  Add.  383 

mm  of  tulpharetted  kydrogen  m  to  be  psMed  tbioiigh  it,  to  preeipitste    8«et.  II. 
ning  lead ;  the  liquid  ii  then  filtered,  end  when  boiled  eo  as  to  expel        ' 
iretted  hydrogen,  is  a  solution  of  the  pure  Tegetable  acid. 

acid  may  also  be  obtained  by  steeping  sheet-lead  in  the 
ipples ;  in  a  few  days,  crystals  of  malate  of  lead  form,  which 
:olIected  and  decomposed  by  dilute  salphuric  acid.*' 

Malic  acid,  when  carefully  prepared,  is  colourless  and  very  p^^i^f^, 
t  forms  crystallizable  salts  with  many  of  the  metallic  oxides, 
alts  are  termed  mdUUesA 

Citric  Acid,  C4Ha04.  eq.  60.0,  is  obtained  by  the  following  Citric  acid. 

rom  lemon  or  lime  juice : 

I  expressed  juice  for  a  few  minutes,  and  when  oold,  strain  it  through  ^^^  p^^. 
;  then  add  powdered  chalk  as  long  as  it  produces  effenrescence,  heat  pared, 
re,  and  strain  it  as  before :  a  ouanuty  of  citrate  of  lime  remains  upon 
sr,  which,  having  been  washed  with  cold  water,  b  to  be  put  into  a  mix- 
Ipbnric  acid  with  twenty  parts  of  water :  the  proportion  of  acid  may  be 
il  to  that  of  the  chalk  employed.  In  the  course  of  twenty  four  hours 
I  of  lime  will  have  suffered  decomposition,  and  sulphate  of  lime  is 
hich  is  separated  by  filtration.  The  filtered  lic^uor,  by  carefUl  evapo- 
directed  for  tartaric  acid,  furnishes  crystallized  citric  acid.t 

ferent  states  of  purity  it  is  employed  by  the  calico-printers, 

t  for  domestic  consumption.     The  proportion  of  citric  acid 

by  a  gallon  of  good  lemon-juice,  is  about  eight  ounces.^ 

Citric  acid  may  be  obUiined  from  currants  by  the  following  process 

with  cur* 

.he  comnt.  <u.d  ca»,  them  t.  ferment ,  when  thi.  U  over.  dMl  to  ""'*- 
be  alcohol.  Saturate  the  hot  liquid  with  chalk  ;  wash  the  citrate  of 
water,  and  press.  Mix  the  citrate  of  lime  with  water,  and  reduce  to 
itence  of  nyrup ;  decompose  by  sulphuric  acid  diluted  with  twice  its 
water.  Saturate  the  citric  acid,  thus  obtained,  with  carbonate  of  lime  ; 
treat  as  before  with  sulphuric  acid.  Remove  the  colour  by  animal 
ind  evaporate.il 

Citric  acid  forms  prismatic  crystals  of  a  very  sour  taste,  characters, 
uble  in  water,  and  containing,  according  to  Berzelius,  1  atom 
I  -f*  2  atoms  water,  a  portion  of  which  it  loses  by  exposure 

Exposed  to  heat,  the  crystals  undergo  the  watery  fusion, 
acid  is  itself  decomposed. f 

#n  .-.,       ^««^  ..^^M       C     Derivative  Acids.     Tmnmnn 

Tartaric  Acid.     QM%0^,  eq.  66.24.     3       PyrUanaric.       J^ 

C         Pi/mvic. 

Id  exists  in  several  vegetable  substances ;  it  is  one  of  the 
iciples  of  many  fruits,  and  is  said  to  be  abundant  in  the  po- 
le. Tartaric  acid  is  generally  obtained  from  the  bi-tartrate 
;a,  (purified  cream  of  tartar*) 

D  parts  of  this  salt  in  fine  powder  with  90  of  powdered  chalk,  and  gra-  . 

ow  the  mixture  into  10  times  its  weight  of  boiling  water ;  when  the  1l?'^^|!L 
I  cooled,  pour  the  whole  upon  a  linen  strainer,'  and  wash  the  white  ^' 

her  processes,  ^.,  see  Thomson's  inorg,  BodieMt  ii.  76. 

I  accooDt  of  which,  and  of  ths  acids  derived  from  the  decomposition  of  malic 
r.  Org.  Bodiet,  63. 

mode  of  obtaining  it  from  gooseberries  see  Ann.  Philot.  N.  S.  iv.  162. 

rcumstaoces  which  have  not  here  been  alluded  to,  are  reonisite  to  ensure 

•oceses  in  tiie  operation ;  these  have  been  fuUy  described  by  Parlies,  in  his 

•oyt. 

J  gals,  of  good  lemon-raice  afford  10  lbs.  of  crystals.    (Ure.) 

in  ^nn.  de  Chim.  et  ds  PAys.  xxxix.  892.  ^ 

mvativi  acids  see  T.  or  a  M,  and  lor  Cttrolst,  B.  ii.  SIS. 
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Oh«p  VI.  powder  whieh  reauiofl  with  cold  water;  tbie  ie  a  imrtmim  ^  Imm; 

through  a  BufficioDt  quantity  of  water,  add  aulphuric  acid  oauiu  in  wvghltoihi 
chalk  employed,  and  occauonally  Btir  the  mivture  darii^  M  hxmn ;  tSm  Utt, 
and  careniUy  evaporate  the  liquor  to  aboatone  fourth  iti  orinnal  bulk;  flM 
again,  and  evaporate  with  much  care  nearly  to  dryneaa;  m  diwolTci  UMdfjMp 

in  about  6  times  its  weight  of  water,  render  it  clear  by  filtntMBy  a ' 

slowly  to  the  consistency  of  sirup,  and  set  aside  to  crysitaUize. 

By  two  or  three  successive  solations  and  cryftallizatioot, 
acid  will  be  obtained  in  colourless  crystals,  soluble  in  6  parts  of  «■ 
ter  at  60°.     Their  primary  form  is  an  oblique  rhombic  prism.* 
Properties.       1658.  The  crystals  melt  at  a  heat  a  little  exceeding  212f  iitoi 
fluid  which  boils  at  250°  and  leaves  a  semi-transparent  msafl 
cooling,  slightly  deliquescent. 

The  aqueous  solution  of  tartaric,  in  common  with  the  otherivp 
table  acids,  soon  becomes  mouldy,  and  suflera  decompoiition. 
Forms  don-      1659.  Tartaric  acid  has  a  great  tendency  to  combine  at  oaee  mi 
ble  salu.    t^Q  bases  and  form  double  salts.     In  consequence  of  this  propsflf  ii 
prevents  antimony  from  being  precipitated  as  asual  by  water,  ai 
even  hinders  alkaline  bodies  from  precipitating  solutions  of  tke■^ 
tal  in  acids  as  they  usually  do.    t. 
Tartrate  of      1660.  Tartrate  of  Potasso,  {(oTmerly  soluble  tartar)  i»  fattotd^ 
potassa.      saturating  the  excess  of  acid  in  tartar  by  potassa,  and  boiling,   i^ 
cording  to  Phillips.t  100  parts  of  tartar  require  43.5  of  nkitt 
bonate  of  potassa.      The   resulting  salt  is  soluble    in  less  Ab 
twice  its  weight  of  water  ;  it  forms  large  prismatic  crystals.    Tktfi 
contain  1  atom  acid,  1  potassa,  and  2j  water. 

This  salt  is  used  in  pharmacy  as  an  aperient;  itbthe^rffli 

tartras  of  the  Fharmacop,     Its  taste  is  saline,  and  somewhat  hil» 

Biiartrate,       ^^^1*  Bi-tartrate,  or  Supertartrate  of  Potassa.     TarUr.    Ik* 

or  crude      substance  exists  in  considerable  abundance  in  the  juice  of  thegOfS 

^^'^^^        and  is  deposited  in  wine  casks,  in  the  form  of  a  crystallized  isov 

tation  ;  called  argol  or  crude  tartar.     It  is  purified  by  soIutioDvl 

crystallization,  which  renders  it  perfectly  white  ;t  when  in  finepi^ 

der  it  is  termed  cream  of  tartar. 

It  may  also  be  formed  by  adding  excess  of  tartaric  acid  to  a  mI^ 

tion  of  potassa.     The  mixture  presently  deposits  crystalline  sfM 

and  furnishes  a  striking  example  of  the  diminution  of  solnbiUrkf 

Tartaric      increase  of  acid  in  the  salt.     Upon  this  circumstance  the  usesilV' 

acidtestfor  tar ic  acid  as  a  test  for  potassa  depends,  for  soda  forms  ancH^ 

poiasta.      soluble   supertartrate   and  consequently  affords   no   precipitM  t 

Its  constituents  are  2  at.  acid,  1  potassa,  2  water,   t. 

Impurities.       1662.  The  tartar  of  commerce  is  never  quite  pare.     Accoidim* 

Thomson  it  contains  five  per  cent,  of  tartrate  of  lime.^     Itiiitf^ 

times  adulterated  by  the  addition  of  pounded  quartz,  and  by«l» 

reous  spar ;  the  former  may  be  detected  as  an  insoluble  resnaiif 

boiling  the  powdered  tartar  with  half  its  weight  of  potassa  or  rfl^ 

rax  in  eight  parts  of  water ;  the  latter  produces  effervesceacssi* 

Acu  as  a    dilute  hydrochloric  acid. 

»im>l«  1663.  Bi'tartrate  of  potassa,  it  is  observed  by  Gay-Lussae, 

*  Brooke  in  Ann.  PhilM.  vi.  N.  S.  t  RemoHcB  on 

t  See  process  B.  ii.  600,  and  Jour,  de  Phj/a.  i.  67. 

f  Inorff.  Ckem.  ii.  433.   When  pnstnt  it  s^mt«  ia  tafta  sf 
the  hot  eolation.   B.  602. 
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numy  cases,  like  a  simple  acid,  and  even  dissolves  oxides  thai  ave   Btcun. 
insoluble  in  the  mineral  acids  and  in  the  tartaric  acid.     He  proposed 
its  use,  therefore,  in  mineral  analysis. 

1664.  When  exposed  to  heat,  tartar  fuses,  blackens,  and  is  decom-  Effect  of 
posed :  and  carbonate  of  potassa  in  the  remaining  result.     Provided  ^^^'  *  ' 
the  tartar  be  free  from  lime,  which  however  is  seldom  the  case,  this 
fomishes  a  good  process  for  obtaining  pure  carbonate  of  potassa. 
The  aqueous  solution  of  tartar  becomes  mouldy  when  exposed  to  air,  * 
and  the  tartaric  acid  being  entirely  decomposed  leaves  a  weak  solu* 
tioo  of  carbonate  of  potassa. 

The  component  parts  of  tartar  render  it  an  excellent  flux  in  the  .. 
reduction  ol  metallic  ores  upon  a  small  scale,  its  alkali  promoting      ' 
llielr  fusion,  and  the  carbonaceous  matter  tending  to  reduce  the 
oxides. 

1666.   Tartrate  of  Potassa  and  Soda  is  prepared  by  saturating  Tartrate  of 
the  excess  of  acid  in  tartar,  with  carbonate  of  soda  ;  it  is  the  tartras  potatsaaod 

CaueB  et  soda  of  the  Pharmacop. ;  it  forms  prismatic  crystals.*     It  *^'' 
\  long  been  used  in  pharmacy  under  the  name  of  RocheUe  Salt 
swd  Sei  de  Seignette,     It  consists  of  1  atom  of  the  tartrate  of  potassa, 
1  atom  of  the  tartrate  of  soda,  and  10  atoms  of  water,    t.  11.793. 

It  is  frequently  made  extemporaneously  by  dissolving  equal 
weights  of  tartaric  acid  and  the  sesquicarbonate  of  soda  in  separate 
portions  of  water,  and  then  mixing  the  solutions. t 

1666.  Tartrate  of  Iron  and  Potassa,     This  is  the  Ferrum  tarta*  Of  iron  and 
visofaMi  of  the  London  Pharmacop.,  but  it  is  most  conveniently  em-  !*'■■••• 

^ed  as  a  medicine  in  solution,  which  may  be  formed  by  digesting 
^  It  of  soft  iron  filings  with  4  of  tartar. 

Thb  mixture  should  be  made  into  a  thin  paate  with  water,  and  digeited  for 

El  weeks,  till  the  acid  is  neutralized,  fresh  portions  of  water  being  occasion- 
added  to  prev^t  eisiccation.    The  solution  of  this  compound  which  con- 
\  the  iron  in  the  state  of  peroxide,  is  possessed  of  some  curious  properties, 
§gm  pointed  out  by  Phillips.^ 

1667.  Tartrate  of  Potassa  and  Copper  is  formed  by  boiling  oxide  Brunswick 
tf  copper  and  tartar  in  water  :  the  solution  yields  blue  crystals  on  *'*•'*• 
yvaporation  ;  or  if  boiled  to  dryness,  furnishes  one  of  the  pigments 

Balled  Brunswick  green. 

1668-  Tartrate  of  Antimony  and  Potassa — Emetic  Tartar.    This  Tirtratc  of 
BiBipoand  may  be  obtained  by  boiling  protoxide  of  antimony,  with  antimoof 

Cj  supertartrate  of  potassa.     It  is  the  antimonium  tartarizatum  of  JJ^  P*^***" 
London  and  U,  S.  Pharmacop, 

EoMtic  tartar  may  be  prepared  by  boiling  a  solation  of  100  parts  of  tartar  with  Prepara- 
10  parts  of  finely  ierigated  class  of  antimony,  or  of  the  sesquioxide ;  the  ebulli-  tion  of 


B 


ilioald  be  continued  for  naif  an  hour,  and  the  filtered  liquor  evaporated  to  emetic  tar- 
(I  half  its  bulk,  and  set  aside  to  crystallize ;  octohodral  andf  tertrahedral  crys-  tar. 
Hi  of  the  emetic  salt  are  thus  obtained ;  and  there  is  generally  formed  alonjr 
tbem  a  portion  of  tartrate  of  lime  and  potassa,  which  is  deposited  in  small 


forms  of  iu  crystals  arising  from  the  modification  of  a  right  rhombic  prism, 
m  rtpreseoted  by  Brooke  in  Ann.  T^hilot.  N.  S.  ▼.451. 

t  Stda  9T  Sodak  powders  of  the  shops  are  uacked  in  two  distinct  papsrs,  the  one  blue  ^^^  wnrMn, 
^  the  other  white,  the  blue  containing  hall  a  drachm  of  carbonate  of  soda,  tbe  white        pow«^ 
^  VZT.  of  tartaric  acid :  when  dissolvwl  and  mixed,  efierrescence  takes  place,  bat  the 
l|Sid  is  by  no  means  similar  to  **  soda  water." 

fixamination  of  the  London  Pharmacop.  96. 
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Chap.  VI.  tafti  of  a  radiated  texture,  and  wbich  may  eanlj  be  aepanted  when  the  OMiii 
~~ dried.* 

Properties.  ^^^^'  Emelic  tartar  is  a  while  salt,  slightly  efflorescent,  soluble  is 
about  14  parts  of  cold  and  2  parts  of  boiling  water.  It  is  decompoKd 
by  the  alkalies,  and  when  heated  with  ammonia,  a  portion  of  pnMi- 
ide  of  antimony  is  thrown  down,  and  a  very  s^uble  compoaai 
remains  in  the  liquor.  Hydrosulphuric  acid  gas  produces  an  onage 
coloured  precipitate  in  its  solution.  It  is  decomposed  by  bitter  ul 
astringent  vegetable  infusions,  but  they  do  not  render  it  inactive  m 
medicine.t  Phillips  has  shown  that  emetic  tartar  consists  of  I  sioa 
bi-tartrate  of  potassa,  3  sesquioxide  of  antimony,  3  water. 

According  to  Thomson  emetic  tartar  consists  of  2  atoms  tsftuk 

Analysis.    ^^-^^  ^  atoms  sesquioxide  of  antimony,  1  atom  of  potassa  asdS 

atoms  of  water.t 

C        Derivotive  AtHt. 

Meeonic  1670.  Meconic  Arid,     C  AOt  eq.  100.00.  <  IVroinecooic  CiiHid 

JJIj;  ^  C  MeiameoonicCiiHiOsL 

This  acid  exists  in  opium  and  was  discovered  by  Serturner  snd  cilkd 

meconic  acid  from  the  Greek  Mtjxkv^  P^py-     '^  >s  procured  byK- 

veral  processes  of  which  the  following  is  recommended  by  Thoo* 

soni  as  the  easiest. 

Make  an  infusion  of  opiam  in  water  acidulated  with  sulphuric  acid.  Tbeii' 
Process  for.  fusion  is  mixed  wilh  chloride  of  calcium  in  sufficient  euantitj  to  throw  domtki 
sulphuric  and  meconic  acids  in  combination  with  lime.  This  precipit*  ii 
washed,  first  with  cold  water,  and  afterwards  with  boiiing  alc^ohol.  It  is  bcb 
mixed  with  ten  times  its  weight  of  water,  and  heated  to  about  194^.  Addbf 
little  and  little,  agitating  violently,  a  quantity  of  hydrochloric  acid,  aufliciats 
dissolve  the  meconatr  of  lime,  which  constitutes  the  greater  part  of  the  pvip 
tate.  Pour  the  liquid  upon  a  filter,  previously  washed  with  hydrochlonc  ni 
On  cooling,  light  and  brilliant  crystals  of  bimeconate  of  lime  are  dcpooldl 
which  are  to  be  dried  between  the  folds  of  a  cloth ;  dissolve  them  in  hot  w^K, 
and  add  a  sufficient  quantity  of  hydrochloric  acid  to  decompose  the  salt.  Kss 
the  liquid  for  some  time  hot,  but  under  2V^ ;  on  cooling,  cryatals  of  meconieia 
are  depoHitcd.|| 

To  deprive  it  of  colour,  saturate  by  a  dilute  solution  of  caustic  potasa.   Di^ 
solve  the  mcconate  of  potassa  formed,  in  a  small  quantity  of  hot  water;  hlii 
cool,  and  expose  the  resulting  macma  to  pressure.    Diseolvo  and  cryililiv 
anew,  and  finally  decompose  the  saR  by  hjdrochloric  acid. 
Hare's.  Hare  has  given  the  following  process  :ir  I'o  an  aoueous  infusion  of  opiaaiil 

acetate  of  lead,  collect  the  mcconate  of  lead  by  a  niter,  and  eipose  itloMi^ 
sulphuric  acid  m  ;  the  meconic  acid  will  be  set  firee.  The  solution  is  of  a  n^ 
disn  amber  colour,  and  furnishes,  by  evaporation,  crystals  of  the  sbbs  few 
Instead  of  hydrosulphuric  acid,  sulphuric  acid  may  be  used  to  liberate  ibtBi^ 
nic  acid. 

Properties.       1671.  Meconic  acid  crystallizes  in  white  transparent  aicalea.    bil 
not  altered  by  cold  S  or  hydrochloric  acid ;  dilute  N  coofCfiif 

*  Phillips,  io  his  Erperimental  Eixaminalwna  qf  the  London  Pkarmaaf^  ta 
statfd  several  facts  respectini^  the  formatioo  of  this  salt,  which  wiU  he  foood 
the  manufacturer.    See  Bigelow's  Sequel,  76. 

t  Accordinir  to  Orfila,  the  compound  of  tannin  and  oxide  of  antimony  is 
he  recummeods  a  decoction  of  ciuchona  bark  as  an  antidote. 

t  Iiwrg.  Chem.  11.799.  For  an  account  of  raeemic  acid  and  remarks  on  in^B* 
pounds  see  T.  Org:  Chem,  67.  f  Org.  Bodies,  80. 

II  If  the  crystals  are  mixed  with  bimeconate  of  lime,  repeat  the  treatawst  vitk^f 
drochloric  acid,  or  separate  the  crystals  of  bimeconate,  which  are  much  liflHiq 
ievigation.    T.  Otem.  Org.  BodieM,  80. 

IT  Amer,  Jour.  xii.  293.    For  other  processes,  see  B.  II ,  536. 
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into  oxalic  acid.    It  i8  soluble  in  4  times  its  weight  of  hot  water ;    ••«*'''• 
when  long  boiled  the  solution  becomes  yellowish,  then  red,  and  at 

faut  deep  brown,  at  the  same  time  C  is  disengaged,  and  the  acid  is 
changed  into  metameconic  acid,  which  is  no  longer  altered  by  the 
wmter.  This  change  may  be  produced  by  the  action  of  a  water-bath 
oootinued  for  sevend  days.  The  new  acid  precipitates  during  the 
cooling.  It  consists,  according  to  Liebig,  of  carbon  41.54,  hydrogen 
>L07,  oxygen  56.39. 

1072.  Meconic  acid  combines  with  bases  in  three  proportions  and  pormg 
it  forms  with  them  neutral  salts  ;  the  bisalts  strike  a  very  deep  red  ttlu. 
with  the  persalts  of  iron,  which  disappears  when  the  iron  is  reduced 
to  protoxide,  but  re-appears  when  the  iron  is  again  peroxidized. 
Tbe  meconates  are,  in  general,  insoluble  in  alcohol. 

1673.  When  nitrate  of  silver  is  poured  into  a  solution  of  meconic  j^^^^^  ^f 

«  •  •  nit  M#A  fkw 

acid,  and  a  little  more  N  added  than  is  sufficient  to  dissolve  the  me-  gUver. 
eofiate  of  silver,  if  we  heat  the  liquid  the  salt  is  converted  into  cya- 
Dide  of  silver.    The  liquid,  at  6r8t  limpid,  becomes  gradually  filled 
with  flocks  of  cyanide.     It  contains  also  oxalataofittliQI^aiiolution. 

If  too  much  N  be  added,  much  oxalate  of  silver  is  formed,,  but  no 
BUttnide.* 

C      Derivative  Acid».      } 

1674.  Gdlic  Acid.  C^HjO,.  eq.  85.00.  ]  Pyrogallic  Ci  Hs  Oi    [  This  q^,.     .. 

C  MelagalUc  CtsHs  Oi    )  v»u«;  ■««• 

icU  derives  its  name  from  the  gaUnutt  whence  it  was  first  procured 
bv  Seheele.  It  may  be  obtained  by  several  processes,t  among  which 
IM  following  deserve  notice  : 

P  Moisten  bruised  gallnuts,   and    ezpoee  tbem    for  four   or  five  weeki,  to  ^q^  ^ 
'  iBipermture  of  about  80°.    A  mouldy  paste  ia  formed,  which  ia  to  be  iqueezed  uintd. 
,  aDd  di^^eated  in  boiling  water;  it  then  afforda  a  aolution  of  {^lic  acid,  which 
~  be  whitened  by  animal  charcoal,  and  which,  on  evaporation,^  yields  gallic 
,  cryatallized  in  white  needles.t 
Boil  an  ounce  of  powdered  galls  in  16  ounces  of  water  down  to  8,  and  strain ; 
'ro  2  ounces  or  alum  in  water,  precipitate  the  alumina  by  carbonate  of  po- 
and,  after  edulcorating  it,  stir  it  into  the  decoction  ;  the  next  day  filter  the 
;  wash  the  precipitate  with  warm  water,  till  this  will  no  longer  blacken 
of  iron  ;  mix  the  washing  with  the  filtered  liquor,  evaporate,  and  the 
'  *  will  be  obtained  in  acicular  erystals-f 

1675.  Gallic  acid  when  pure  is  in  snow*white  needles,  requiring  Properties. 
0  times  their  weight  of  cold  Water  to  dissolve  them.      When 

iwpped  into  a  solution  of  persulphate  of  iron,  a  deep  blue  precipitate 
bib,  which  dissolves  slowl^y  in  the  liquid,  and  after  an  interval  of 
MDa  days,  the  liquid  becomes  almost  colourless.  Sulphuric  acid 
MBOves  nearly  all  the  iron  and  protosulphate  of  iron  crystallizes. 
|h»  same  changes  are  quickly  produced  by  boiling,  with  the  disen- 

iMinent  of  C. 

l876.  Gallic  acid  forms  white  precipitates  with  baryta,  strontia,  Pisdpi- 
tfA  lime  water  which  redissolves  in  an  excess  of  acid.     Acetate  or  ^t**- 
ifeffttle  of  lead  produces  a  white  precipitate,  not  altered  in  colour  by 
tare  to  the  air. II 


.^lisbif.  t  For  others  see  T.  Inor^^,  Bodiet,  ii.  99,  and  B.  619. 

f  Bkaooaaot,  Amoi,  de  Chim.  et  Ph^fB.  ix.  181. 
•FMkr  k  Niehdson*s  Did,  1.8S6. 
IFifeaas  in  Ann,  d$  CMm.  H  Pky9.  Uv.  SM. 
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Chap.  VI.       1677.  The  chnrticteristic  property  of  gallic  acid  is  lo  strike  a  deep 

Character-  blue  with  the  salts  of  iron,  particularly  the  sulphate.      The  lannia, 

istic  pro-     which  is  another  constituent  of  nutgalls,  possesses  the  same  propertj. 

1678.  Gallic  acid  and  tannin  are  of  great  importance  in  the  foni» 

tion  of  ink,  and  the  precipitate  formed  is  retained  in  suspensiooky 

mucilage.* 

Kinicacid.      1679.  Kinic  Acid.  CjHA,  eq.  171.00.   \^,^],^^'\    KinJcica 

derives  its  name  from  having  been  discovered  in  Peruvian  bark.  A 
watery  infusion  of  the  bark  evaporated  to  a  syrup  and  treated  witk 
alcohol,  leaves  a  viscid  mass  containing  kinate  of  lime  and  gnn. 

Obt  '  m)  ^y  ^^^^^^^^  ^^^  crystallization,  kinate  of  lime  may  be  procored  ii 
crystals,  from  which  the  lime  may  be  separated,  by  dissolving  tk 
kinate  in  water,  and  adding  sulphuric  or  oxalic  acid.  It  forms  mIq- 
ble  salts  with  alkalies,  and  metallic  oxides.f 

1680.  Tannic  Acid^  Tannin,    dgHgOis,  eq.  212.    This  substum 

Tannic  acid.exists  in  an  impure  state  in  the  excrescences  of  several  species  of 
oak,  called  gallnuts ;  in  the  bark  of  most  trees ;  in  some  inspisntel 
juices,  suduukiBg^d  catechu  ;  in  the  leaves  of  the  tea-pumtySh 

Sources.     "^<^ch  ancnlmrttabiSy  (uva  ursa),  and  in  astringent  plants  genenllr, 

being  the  chief  cause  of  the  astringency  of  vegetable  matter,    k  ii 

frequently  associated  with  gallic  acid,  as  in  gallnuts,  in  most  kindi 

of  bark,  and  in  tea  ;  but  in  kino,  catechu,  and  cinchona  bark,  liisk 

or  no  gallic  acid  is  present. 

It  may  be  prepared  pure  from  nutgalls  by  the  following  process: 

Obtained.  Into  tho  mouth  of  a  flask,  fit,  by  ninding,  a  narrow  slan  vessel,  fitted  wiAa 
cork,  or  stopper,  at  the  upper  end.  rill  the  bottom  of  tuo  long  narrow  glass  t» 
sel,  where  it  enters  the  flask,  witli  a  little  cotton,  and  place  above  the  cot 
ton  a  quantity  of  nut-galls,  in  fine  powder,  filling  about  half  the  veesel.  fbv 
over  this  a  suflicient  quantity  of  the  common  sulpnuric  ether  of  commerce  toil 
the  rest  of  the  vessel.  Put  m  the  stopper  and  set  the  whole  aside.  The  fbiknh 
in£  day,  there  will  bo  found  in  tiic  flask  two  disrinct  layers  of  liquid  :  one  rof 
light  and  fluid  in  tho  upper  part ;  the  other  heavier,  of  a  light  aabff 
cSour,  occupying  the  bottom.  Pour  the  whole  into  a  funnel,  stopping  ibc  brt> 
tom  with  the  finger ;  let  it  remain  at  rest  for  a  few  minutes,  til!  tiie  two  liqaA 

*  To  make  twelve  gallons  of  good  ink,  we  may  take  nutgalls  12  lbs.,  freen  tnlyhM 
Ink.  of  iron  5  lbs  ,  gum  Senegal  6  lbs.,  water  12  gals.    The  nutgalls  im«  to  be  painlsi 

cylindrical  copper,  of  a  depth  equal  to  its  diameter,  and  boiled,  during  three  hoanvA 
three  fourths  of  the  above  quantity  of  water,  adding  fresh  water  to  replaoe  wfegii 
lost  by  evaporation.  Empty  the  decoction  into  a  tub,  draw  off  the  deer  liqesrHi 
drain  the  lees.  Dissolve  the  gum  in  a  small  quantity  of  hot  water,  filter,  and  mU* 
the  clear  decoction.  The  sulphate  of  iron  must  lie  separately  dissolved  aiMi  aial 
The  colour  darkens  by  exposure.  But  ink  is  more  durable  when  used  pale.  C^ 
Did.  Artg  and  Alan.  677. 

The  following  gives  a  good  ink.  Bruised  galls  8  oz.,  sulphate  of  iron  4  oi..  pM 
arabic  3  oz.,  sugar  candy  1  oz.  Boil  the  ^tls  in  twelve  pints  of  water  dewsMfli^ 
strain,  and  add  the  otbcr  ingredients,  stimng  till  dissolved.  After  twenty Ibor  ksoi 
decant  and  l)otlle.    See  other  methods  in  K.  1 1.623. 

The  tendency  of  the  ink  to  l>ecome  mouldy  is  much  diminished  by  keeping  ilv 
cloves  in  the  ink  bottle,  or  by  dissolving  in  each  pint  of  the  ink  about  three  '  "' 
corrosive  sublimate. 

The  colour  of  common  writing  ink  is  apt  to  fade,  in  consequence  of  the  de 

lion  of  its  vegetable  matter ;  and  when  thus  illegible,  it  may  olten  be  rectoied  by ' 
ing  the  writing  with  vinegar,  an^mubsequentlV  with  infusiou  of  galla.     ' 


destroy  its  colouring  matter,  and.^ose  inks  wnich  resist  their  actum  contaia  i 
otber  colouring  principle,  usuaHy  .fncly  powdered  charcoal.  Conunon  writing  ilk  is 
for  this  reason,  much  improvod'by  dissolving  in  the  quantity  above-mentMBsd stiC 
an  ounce  of  Indian  Jnk\  which  is  lamp-blaclc  made  into  a  cake  witk  iainglui.  fl* 
Macculloch  on  Indelible  Ink,  &,c.    Brewster's  Jour.  i.  318,  and  Boti,  JbMr.  ii.  3M- 

t  For  details,  and  other  fixed  acids,  see  T.  Org^,  Bodiet,  89. 
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ite ;  allow  the  beaTier  to  All  into  a  eapanle,  aod  Ml  the  lighter  portioii    g«ct.lL 
in  order  to  recover  the  ether,  of  which  it  principally  consists,  bj  distillation. 
Wash  the  dense  liquid  two  or  three  times  with  sulpnunc  ether ;  then  dry  it  in  a 
re,  or,  in  vacuo,  over  sulphuric  acid.    Much  vapour  of  ether  and  water  is 
ingaced ;  the  bulk  increases,  and  a  spongy  residue  is  left,  brilliant,  and  some- 
aa  cMourleas,  though  usaaliy  yellowuh.    This  substance  is  tamnim  in  a  pure 

A.  lOv. 


1661.  Pure  tannic  acid  is  colourless  and  inodorous,  has  a  purely 
•stringent  taste  without  bitterness,  arid  may  be  preserved  without  P'^P*'^"' 
chmnge  in  the  solid  state,  very  soluble  in  water,  reddens  litmus,  and 
decomposes  alkaline  carbonates  with  efiervescence.  Alcohol  and 
ether  dissolve  tannic  acid«  but  more  sparingly  than  water.  Solutions 
of  tannic  acid  do  not  affect  pure  protosalts  of  iron*  but  strike  a  deep 
blue  precipitate  with  the  pcr^alts :  a  strong  solution  of  it  yields  a 
copious  white  precipitate  with  the  sulphuric,  nitric,  hydrochloric, 
phosphoric,  and  arsenic  acids,  but  none  with  tho  oxalic,  tartaric,  lac- 
tiCf  acetic,  citric,  succinic,  and  selenious  acids.  It  is  precipitated  also 
bv  the  carbonates  of  potassa  and  ammonia,  by  the  alkaline  earths, 
aloxnina,  and  many  solutions  of  the  second  class  of  metals.  With 
ciDchonia,  quinia,  brucia,  strychniai  codeia,  narcotina,  and  morphia, 
it  yields  white  tannates,  which  are  sparingly  soluble  in  pure  water, 
bat  are  dissolved  readily  by  acetic  acid,  by  digestion  with  nitric 
•eid  it  yields  oxalic  acid. 

1682.  A  solution  of  tannic  acid  may  be  preserved  without  change,         - 

Crided  it  be  excluded  from  oxygen  gas  ;  but  in  open  vessels,  it  gra-  mm! 
Ily  absorbs  oxygen,  an  equal  volume  of  carbonic  acid  is  evolved, 
it  becomes  turbid,  and  deposits  a  crystalline  matter  of  a  gray  colour, 
rly  all  of  which  is  gallic  acid.  After  digestion  with  a  little  ani- 
cbarcoal,  the  gallic  acid  is  perfectly  white  and  pure.  There  is 
feo  doubt,  therefore,  of  the  conversion  of  tannic  into  gallic  acid. 

1663.  Tannic  acid  is  distinguished  from  all  substances,  except  gal- 
lie  acid,  by  forming  a  deep  blue  precipitate  with  persalts  of  iron,  and  ^^'^L^ 
ham  gallic  acid,  by  yielding  with  a  solution  of  gelatin  a  white  flaky 
pMeipitate,  which  is  soluble  in  a  solution  of  gelatin,  but  insoluble  in 
water  and  gallic  acid.  This  substance,  to  which  the  name  of  tanTUh 
gtlmiin  has  been  applied,  is  the  basis  of  leather,  being  always  formed  ^^^^^^^c* 
when  skins  are  macerated  in  an  infusion  of  bark.  When  dried  it 
booeoiea  bard  and  lough,  and  resists  putrefaction.  Its  composition 
ivmt  to  vary,  according  to  the  relative  quantities  of  the  materials 
«pa  ID  its  formation. 

a  stroQg  solutioo  of  gelatin  (oommon  clue  answers)  add  a  strong  infiision  of  g^^ 
-^ ,  the  white  precipitate  may  be   ooliected  upon  a  glass  rod  and  pressed 
\  ibnning  a  tough  extensihle  mass  resembling  new  leather. 

"1484.  From  the  experiments  of  Davy,  it  appears  that  the  inner 
'  layers  of  bark  are  the  richest  in  tannic  acid.     Its  quantity  is 
_  in  early  spring,  and  smallest  during  winter.     Of  all  the 

liarietiet  of  bark  which  he  examined,  that  of  the  oak  contains  the 
luseat  quantity  of  tannic  acid. 

U86.  The  various  kinds  of  tannic  acid  obtained  from  cinchona 
kavk,  kino,  and  other  sources,  correspond  in  most  respects  with  that 
described  ;  but  at  the  same  time  some  difference  is  observable, 
kinds  striking  a  green  instead  of  a  deep  blue  colour  with  the 
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ch>p.vi»  persalts  of  iron.*    The  tannic  acid  from  catechu  is  less  highly  ob- 
dized  than  that  from  gallnuts. 

16S6.  Artificial  Tannic  Add.     This  substance  was  discovered  by 
Artificial     Hatchett,  and  is  prepared  by  the  action  of  nitric  acid  on  charcoaLf 

For  this  purpose  100  grains  of  charcoal  in  fine  powder  are  digested  in  aaoan 
of  nitric  acid,  of  density  1.4,  diluted  with  two  ounces  of  water,  with  a  geBlkbal, 
until  the  charcoal  is  oissolved.  The  reddish-brown  solution  it  then  mspwiy 
to  dryness,  in  order  to  eipel  the  nitric  acid,  the  temperature  being  careliaUTiip 
lated  towards  the  close  of  the  process,  so  that  the  product  may  not  be  dicea 
posed. 

Artificial  tannic  acid  is  a  brown  fusible  substance  of  a  resinou 
fracture,  astringent  taste,  and  acid  reaction ;  soluble  in  cold  water ud 
in  alcohol.  With  a  salt  of  iron  and  solution  of  gelatin  it  acta  p^ 
cisely  in  the  same  manner  as  natural  tannic  acid.  It  differs,  how- 
ever, from  that  substance  in  not  being  decomposed  by  the  actios  rf 
strong  nitric  acid. 

1687.  Artificial  tannic  acid  is  generated  by  the  action  of  nitric 
acid,  both  on  animal  or  vegetable  charcoaj,  and  on  pit-coal,  asphit 
tum,  jet,  indigo,  common  resin,  and  several  other  resinous  sabstaocHL 
it  is  also  procured  by  treating  common  resin,  elemi,  assafstida,  cn- 
phor,  balsams,  &c.,  first  with  sulphuric  acid,  and  then  with  alcohol 

Oily  Acids* 

Oily  acids.  16S8.  These  acids  are  so  called,  because  they  are  formed  boa 
oils  or  fat,  and  enter  into  the  composition  of  soaps,  or  because  tbcj 
possess  many  of  the  characters  of  oils.t 

1689.  In  1813  Chevreul  made  known  an  acid  substanct  which 
enters  into  the  composition  of  soaps,  to  which  he  gave  the  name  of 
margarine  and  afterwards  distinguished  it  as  margarie  add'  Hi 
found  that  this^acid  extracted  from  different  bodies  existed  ioiwodifio^ 
ent  states,  and  as  the  one  contained  more  oxygen  than  the  other,  hi 
distinguished  them  at  first  by  the  name  of  margaraus  and  margmk 
acids.  But  he  afterwards  thought  better  to  give  to  margarous  ad^ 
the  name  of  stearic  acid,^  and  to  retain  the  term  margarie  acidiiv 
the  latter. 

1690.  The  method  of  procuring  stearic  acid  is  as  follows  : 

Make  a  soap  by  boiling  mutton  suet  and  caustic  potassa  together,  with  a  w^ 
Process  for,  cient  quantity  of  water,  till  the  whole  is  converted  into  soap.  Diaaolve  oas  pflt 
of  this  soap  in  6  parts  of  warm  water,  and  mix  the  solution  with  about  40  ptmtf 
cold  water,  and  leave  it  for  some  time  in  a  temperature  about  GO^,  or  btww 
ijO^  and  70°.  A  substance  precipitates  of  a  pearly  lustre,  which  is  a  miittattf 
bistearate  of  potassa  and  margaratt  of  potaasa.  Collect  thia  on  a  filter  aod  «iA 
it.  The  liquid  that  has  passed  through  the  filter  bein^  mixed  with  a  liltltKil 
to  saturate  the  potassa,  will  yield  an  additional  quantity  of  thia  two-fold  lo^ 
salt,  l^y  repeating  this  process  several  times,  all  tne  bistearate  aod  margtnlt^ 
potassa  is  outained,  and  the  water  retains  only  the  oleate  of  potawa.  xV  1^ 
stcarate  and  inargaratc  of  potassa  is  to  be  dried  and  dissolved  id  about  90  &■■ 
Its  weight  of  hot  alcohol  or  0.82.    When  the  alcohol  cools,  a  quantity  cf  ba 

*  Theve  have  been  distinguished  h\'  names  formed  from  that  of  the  sabsiaaecsi 
afford  them.    See  ThomjsoD,  Org,  Bodien^  112. 

tPAi/.  TranM.  1805—6. 
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X  Thomson  includes  twentytbree  acids  in  this  group.    They  were  first 

by  Chevreul,  who  devoted  ten  years  to  the  assiduous  ■tody  of  fixed  oils  tad 

few  only  of  the  most  important  will  be  described  in  the  rolloving 

Thomson's  work  for  the  study  of  the  greater  nomber.  I  FVon  oimml  oiili** 
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•li  of  potafw,  mixed  with  iDargumle,preeiDitatM,  uidoleite  ind  mamnte  of  po-  8»ci.  n. 
IMM  remains  in  lolation  ia  the  alcohol,  by  repeated  iolution  in  bomiig  alcoool 
•Bd  coolinc,  the  two  lubttaocet  are  seoarated.  If  the  acid  does  not  now  melt  in 
water  till  the  temperature  rises  to  158^  it  is  pure  stearic  acid.  The  pure  stearate 
«f  potaasa  is  then  decomposed  by  boiling  with  hydrochloric  acid  and  water ; 
wbaa  oool  the  stearic  acid  is  separated. 

1691.  Stearic  Acid,  CnH,0„  eq.  627,  is  white,  tasteless,  and  des-  Properties. 
litQte  of  smell,  insoluble  in  water ;  soluble  in  alcohol  at  167^  from 
which  it  crystallizes  at  122^,  becoming  solid  at  1 13°.     It  reddens  ve- 
Mtable  blues  and  combines  with  bases  forming  salts  called  stearates. 
It  bvms  like  wax. 

1692.  Margaric  Acidy*  Ci^tlnOtt  eq.  562,  is  distinguished  from  Margaric 
tke  last  by  melting  at   140^,  while  that  requires  a  temperature  of  *^^> 
18Sr.     When  it  is  distilled  with  lime,  a  soft  matter  is  obtained,  which 
when  pressed  between  folds  of  blotting  paper,  gives  out  oil,  and  a 
white  substance  remains  which  has  been  named  margarone. 

1693.  To  obtain  pure  margarone  it  is  to  be  repeatedly  dissolved  Obtained. 
in  alcohol,  and  allowed  to  separate  by  crystallisation,  ft  is  white, 
brilliant,  and  has  a  pearly  lustre.  It  is  a  non-conductor  of  electricity 
and  becomes  electric  by  friction  and  pressure.  It  dissolves  in  fifty 
times  its  weight  of  boiling  alcohol,  of  sp.  gr.  0.836  but  is  mostly  de- 
posited on  cooling  ;  is  incapable  of  forming  a  soap.  It  differs  from 
margaric  acid  by  wanting  an  atom  of  carbonic  acid. 

1694.  Oleic  Acid,  CtoHcsOy,  eq.  638,  is  obtained  from  soap  made  01«»c  •«<>• 
whh  linseed  or  hemp  oil  with  potassa.  It  is  somewhat  coloured  and 
Ims  an  etherial  smell,  is  insoluble  in  water,  but  soluble  in  alcohol. 
It  decomposes  the  alkaline  carbonates,  reddens  litmus,  and  forms 
Mlts,  or  rather  soaps,  to  which  the  name  of  oleates  is  given.  It  burns 
like  the  fixed  oils. 

1695.  When  olive  oil  is  ireated  with  half  its  weight  of  concen- ^^.^J"  ?^ 
mted  sulphuric  acid  three  acids  are  obtained,  one  of  which  has  been  acid. 
called  stdph(h6leic,\  and  this  decomposed  affords  hydro-oleic  acid, 
Flmn  the  last  named  acid  two  liquids  have  been  obtained  having  the 
tme  composition  as  olefiant  gas,  one  of  these  boils  at  131^,  the  other 
at  890^.     The  first  has  been  recently  called  0/Wn,  the  second  Eiain.  Olein. 

1696.  Olein  is  white,  very  liquid,  and  lighter  than  water,  with  a 
Urong  odour,  very  combustible,  and  burning  with  a  greenish  flame. 
lb  vapour  appears  to  be  poisonous.  . 

EUnn  is  less  soluble  in  alcohol,  and  burns  with  a  fine  white  flame.  ^"'^' 
^^Boording  to  Thomson,  olein  is  composed  of  6  carbon  and  6  hydro- 
aod  elain  of  9  carbon  and  9  hydrogen.^ 

Acidi  containing  Nitrogen,^ 

1607.  Azulmic  Acid.  CSH4N4O4.  eq.  140.  Boullay  has  given  this  Azolmie 
_      _       10  an  acid  obtained  from  cyanogen  gas  that  has  undergone  spon-  *"  ' 
^''  iHWoas  decomposition.   It  is  insoluble  in  water,  but  is  dissolved  by  ni- 
Irie  acid  and  assumes  a  beautiful  aurora-red  colour.     By  heat  it  is 

^  Vnm  fia(fYa(^if^g  a  pearl,  t  Fremy,  Ann.  de  Pharm.  xx.  SO. 

Z  {ydorcfphenmc  aod  chhrophtnene  acidi  have  beeo  obtained  from  coal -tar  by  Lao- 
'   liy  tM  aetioQ  of  chlorine,  and  were  named  from  a  tnppoeed  bate,  phene  (from 

I  thine),  from  their  tappoied  existence  in  oil  gas.    Jbm,  de  Chim.  el  de  Phy§, 

.    For  dttaila  see  T.  (hg,  Bodiett  189- 
tor  tlMia  Thomson  daseribat  aight. 
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Chap.Yi  converted  into  bydrocyanate  of  ammonia,  aod  a  gas  is  eTolved  vkkh 
burns  with  a  blue  flame  and  the  odour  of  cyanogen. 

1698.  Indigottc  Acid.    CssHTj^NljOu.    This  acid  is  obtaioed  ^ 
boiling  indigo  in  rather  dilute  nitric  acid,  formed  by  miziog 
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acid  ofsp.  gr.  1.2  with  an  equal  weight  of  water.  To  the 
kept  boiling,  indigo,  in  coarse  powder  is  gradually  added,  as  ioigii 
effervescence  continues ;  and  hot  water  is  occasionally  added  to  » 
ply  loss  by  evaporation.  The  impure  indigotic  acid,  deposited ■ 
cooling,  is  boiled  with  oxide  of  lead  and  filtered,  in  order  to  aepsnn 
resin;  and  the  clear  yellow  solution  is  decomposed  by  sulpbaricsEii 
and  again  filtered  at  a  boiling  temperature.  On  cooling,  thsaii 
crystallizes  in  yellowish- white  needles.  In  order  to  purify  dua 
completely,  they  were  digested  in  water  with  carbonate  of  baTjUi 
and  the  indigotate  of  baryta,  deposited  from  the  hot  filtered  soIbM 
in  cooling,  was  dissolved,  in  hot  water,  and  decomposed  by  anadL 
Indigotic  acid  was  thus  obtained  in  agicular  crystals,  of  wamj 
whiteness,  which  contracted  greatly  in  drying,  and  lost  their  ciyv 
line  aspect;  but  the  dry  mass  was  dazzling  white,  and  had  aal^ 
lustre. 

1699.  Indigotic  acid  decomposes  carbonates,  but  is  a  feeble  adi 
and  reddens  litmus  faintly.  It  requires  1000  times  its  weight  ofedl 
water  for  solution,  but  is  soluble  to  any  extent  in  hoi  water  aiidii» 
hoi.  Heated  in  a  tube  it  fuses,  and  sublimes  without  decompoMHii 
and  the  fused  n)ass,  in  cooling,  crystallizes  in  six-sided  pisto 
When  heated  in  open  vessels,  it  is  inflamed,  and  burns  with 
smoke.* 

1700.  Carbazotic  Acid,   CuNsOu,  eq.  252.    This  nanie  has 
applied  by  Liebig  to  a  peculiar  acid  formed  by  the  action  of 
acid  on  indigo. 

It  is  made  by  dissolving  small  fragments  of  the  best  indico  in  6  or  If 
their  weight  of  moderately  strong  nitric  acid,  and  boiling  asTong  u  inirosi 
fumes  arc  evolved.    During  the  action,  carbonic,  hydrocyanic,  and  nitrasi 
are  evolved  ;  and  in  the  liquid,  besides  carbazotic  acid,is  tbund  areainoos  ■ 
artiiiciul  tannin,  and  indigotic  acid.    On  cooling,  carlNizotic  acid  ia  freely 
sited  in  transparent  yellow  crystals ;  and  on  evaporating  the  residual  U^wdi  ■ 
adding  cold  water,  an  additional  quantity  of  the  acid  is  procuitid.    To  nMsft 
quite  pure,  it  should  be  dissolved  in  hot  water,  and  neutralized  by  carinoM  tf 

}K>ta88a.    As  the  liquid  cools,  carbazotate  of  potassa  crystallizes,  and  marbifB' 
led  by  repeated  crystallization.    The  acid  may  be  preeipitated  from  tkHMB^, 
sulphuric  acid. 

1701.  Carbazotic  acid  is  sparingly  soluble  in  cold  vrater;  bolkii 
dissolved  much  more  freely  by  the  aid  of  heat*  and  on  cooling  fUh 
brilliant  crystalline  plates  of  a  yellow  colour.  Ether  and  aUd 
dissolve  it  readily.     It  is  fused  and  volatilized  by  heat  withoat  ih 
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comp():fition  ;  but  when  suddenly  exposed  to  a  strong  heat,  it  i 
without  explosion,  and  burns  with  a  yellow  flame,  with  a  leaHttd 
charcoal.  Its  solution  has  a  bright  yellow  colour,  reddens  IiHI 
paper,  is  extretiiely  bitter,  and  acts  like  a  strong  acid  on  metaffiei^ 
ides.     It  is  said  to  be  poisonous.t 

1702.  The  salts  of  carbazotic  acid  are  for  the  most  part  uji^ 


*  From  the  analysis  by  Dumas,  Thomson  considers  it  at  omrIj  iadin 
five  times  as  much  oxygen  as  that  pigment  does.    T.  142. 

t  Jour,  qfSci.  ii.  210. 
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of  a  yellow  colour,  and  brilliant  lustre.     They  have  the  pro-     8<ct.  lu 
when  rapidly  beated»  either  of  detonating  like  fulminating 
or  of  burning  rapidly  with  scintillations.     The  sparing  solu- 
»f  carbazotate  of  potassa  is  the  cause  of  carbazotic  acid  being 
!t  a  test  of  that  alkali. 

\.  Carbazotic  acid  is  generated  by  the  action  of  nitric  acid  on 
substances,  both  animal  and  vegetable,  especially  on  those 

contain  nitrogen.     The  bitter  principle,  formed  with  nitric 
id  silk  by  Welter,  is  carbazotic  acid. 

Acids  Imperfectly  Examined, 

1.  Pectic  Acid.  CnH^Oiu,  =  153  eq.  Braconnot  has  given  this  Pactkidd. 
to  a  principle  found  in  several  plants  which  has  the  property 
g  coagulated  by  alcohol,  metallic  solutions,  the  acids,  ^,.  It 
s  to  be  the  same  substance  previously  discovered  by  Torrey  in 
ckahoe,  Sclerotium  giganteum^  a  fungus  common  in  the 
barrens  of  the  southern  states,  and  to  which  he  gave  the  name 
in.  It  is  readily  soluble  in  a  solution  of  caustic  potassa,  and 
[ution  is  gelatinized  by  almost  every  known  body. 
K  Braconnot's  process  for  obtaining  this  substance  is  as  fol-  ^To^**" 

\M  rontaining  sttirrh  be  operated  upon,  such  as  those  of  celery  and  carrot, 
to  be  H'durud  to  pulp  by  ravpinc,  the  juice  exprcMMd,  the  rcfiidue  boiled 
r,  tligbtly  acidified  with  hydrochloric  acid,  then  washed,  and  aflcrwards 
w\\\\  a  very  dilute  solution  of  potassa  or  Hoda.  A  thick  mucilaginous 
suits,  slightly  alkaline,  from  which  hydrochloric  acid  separates  the  acid  in 
I  of  an  abundant  jolly,  which  should  then  be  well  wanned. 

5.  It  forms  a  very  soluble  salt  with  potassa,  which  may  be  ob-  Union  with 
in  the  .«!taie  of  a  transiparent  jelly,  by  adding  weak  alcohol,  ^  "*** 
removes  the  excess  of  alkali  and  colouring  matter,  if  there  be 
e^ent.     This  jelly  washed  on  a  cloth  with  alcoholized  water, 
1  and  dried,  swells  and  dissolves  in  water,  and  leaves  upon 
Btion  a  transparent  mass,  resembling  gum  arable.     Its  taste  is 

h  In  consequence  of  the  property  which  this  acid  has  of  gela-  Use. 
I  large  quantities  of  water,  it  has  been  proposed  as  u  means  of 
ng  jellies. 

I  little  p<*ctic  acid  in  the  quantity  of  water  which  is  to  be  converted  into 
issolve  in  the  water  a  suincient  quantity  of  sugar  previously  scas4>ned  by 
ibbcd  over  the  skin  of  an  orange,  or  by  any  other  wished  for  seasoninc , 
9  the  water  a  little  alcohol  previously  seasoned.  In  either  case  the  whole 
the  fonn  of  a  jelly,  the  flavour  of  which  will  of  course  depend  upon  the 
Ttbe  seasoning  employed. 

i.  There  is  a  substance  in  many  acid  fruits,  as  currants  and  P«ctin, 

errics,   which  gelatinizes.     It  has   very  intimate   connexion 

•ciic  acid,  being  instantly   converted  into  that  acid   by  the 

St  quantity  of  a  Hxed  alkali.     This  substance  has  been  distin- 

i  by  Braconnot,  by  the  name  of  pectin, 

h  It  may  be  obtained  from  all  fruits  by  means  of  alcohol.         Process. 

ogethcr  the  clear  expressed  juice  of  currants,  with  the  equally  clear  juice 

n  ;rexri;  eoaguhim,    Ann,  dc  Chim.  zxviii.  173,  and  Bott.  Jour,  iii.  13S. 
vy's  aoalytis  of  the  Tuckahoe  was  published  in  the  N.  Y.  Med.  Rep,  1880. 
50 
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Chap.  VI.  of  lour  cherries.    Pectio  falli  down.    Decant  off  the  liquid,  and  waih  the 
"  with  water,  aa  long  as  the  liquid  abstracts  any  colour.* 

The  analysis  of  pectic  acid  by  Regnault  gave,  carbon  42.7 
drogen  4.73,  oxygen  52.56.t 
Cieiiic  1710.  Crenic  Acid,  lOS.t  (t.)i   was  discovered  by  Benel 

*^*°'  1832,  in  the  water  of  Porla  well,  in  Sweden,  to  which  it  impi 

yellow  colour  and  disagreeable  taste.  On  exposure  to  the  i 
ochrey  sediment  was  deposited  which  consisted  chiefly  of  cp 
peroxide  of  iron.^ 
Properties.  1711.  Crenic  acid  is  yellow  and  transparent.  It  has  no< 
but  a  sharp  followed  by  an  astringent  taste.  When  in  soluti* 
latter  only  can  be  perceived.  When  the  solution  is  exposed  i 
air,  it  becomes  brown,  and  apocrenic  acid  is  formed. 

1712.  It  is  very  soluble  in  water  and  alcohol.  Its  salts  rea 
extracts,  and  are  insoluble  in  absolute  alcohol,  but  become  ma 
more  soluble  as  water  is  added.  They  become  rapidly  brown 
air,  and  apocrenates  arc  formed. 

1713.  Crenic  acid  dissolves  in  nitric  acid  without  change 
salts  are  termed  crenates.  They  resemble  extracts  in  nppei 
and  are  incapable  of  crystallizing. 

Apocrenic  1714  Apocrenic  Add.  132.  (T).  This  acid  was  obtained 
gesting  the  ochre  from  Porla  well  with  potassa,  to  extract  the 
acid,  and  then  precipitating  the  acid  by  means  of  acetate  of  0 
The  apocrenate  of  copper  falls,  from  which  the  acid  is  sepaimi 
the  action  of  hydrosulphuric  acid  gas,  absolute  alcohol  and  pot 
1715.  Apocrenic  acid  is  brown,  and  resembles  a  vegeiabl 
tract.  It  is  but  slightly  soluble  in  water,  from  which  it  isn 
tated  by  sal  ammoniac. 

In  waters.  1716.  These  acids  are  supposed  by  Berzelius  to  occur  freqi 
jn  water,  and  he  is  of  opinion  that  the  substances  so  often  des 
as  existing  in  mineral  waters,  and  which  have  been  distinguish 
the  name  of  extractive,  in  reality  consist  of  these  acids.  He  I 
too  that  they  exist  abundantly  in  bog  iron-ore. 

Compound  Acids. 

Compound       1117.  The  compound  acids  consist  of  a  vegetable  principle,! 

^ds,         to  a  strong  mineral  or  vegetable  acid.     They  have  been  aiviA 

Twoseu.    Thomson  into  two  sets.     The  first  set  consists  of  tivo  atoms  1 

acid,  combined  with  one  atom  of  abase,  which  may  bedrifesi 

a  stronger  base.     They  are,  strictly  speaking,  not  acids,  bull 

lous  or  super-salts.     The  second  set  contains  hyposulphnric 

combined  with  an  organic  substance,  not  acting  the  part  of  t 

and  not  capable  of  being  expelled  by  a  stronger  base. 

Althionic        1718.  Althionic  Acid.\\  2(SOa)4-C4H50+HO,  126eq.  Thki 

acid.  is  given  by  Magnus  to  what  was  formerly  called  suljJmimc  1 

It  is  formed  by  the  action  of  strong  sulphuric  acid  and  alcohol 

*  JauT.  de  Phar.  xz.  467.    For  other  acids  of  this  group  see  Thomsoa,  Clok  k 
BodiUj  ii.  and  Org,  Bodiu^  146. 

t  Jour,  dt  Phar.  zziv.  201.  t  From  XQIVJ  ajbuniain, 

%  For  details  of  the  analysis  see  T.  148.         ||  From  6b»09,  aui^tkia'  otf  ■tali' 
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important  part  in  the  formation  of  ether.     When  the  ingre-   8*0.  n. 
forming  ether  are  mixed,  and  before  heat  is  applied,  much 
i  exists- in  the  state  of  this  acid,  and  may  be  separated  by 
ng  the  mixture  with  carbonate  of  baryta,  when  an  althio- 
.ryta  is  formed  which  may  be  obtained  in  crystals* 
Prom  the  experiments  of  Magnus  it  seems  that  when  equal  Experi- 
r concentrated  sulphuric  acid  and  absolute  alcohol  are  mixed,  Mignos. 
of  the  acid  deprives  the  other  half  of  all  its  water,  while 
»  atoms  of  the  anhydrous  acid  thus  formed  unites  with  C4 
3  (or  alcohol).     It  is  considered  by  Thomson  as  a  bisalt,  or 
ite  of  ether.*     It  forms  with  bases,  althionates.t 
Ethi(mic  Acid,  SA+C^HiO+HO.t   This  is  one  of  the  ^*°°'« 
I  acids,  containing  an  acid  combined  with  an  organic  sul>> 
»t  acting  the  pnrt  of  a  base  and  not  capable  of  being  expelled 
iger  base.     It  was  obtained  by  Sertuerner  by  the  action  of 
acid  and  alcohol.^  Solpho- 

Sulpho-naphthalic  Acid.  S205-|-C<ioH7,  =  199.024  eq.  Dis- naphthalic 
y  Faraday  in  1826.  »"d, 

eby  melting  naphthaline  with  half  its  weight  of  itrong  lulphuric  acid,  Procett. 
l-coloui^d  hquid  is  formod,  which  bccomei  a  cryitalline  solid  in  cool- 
maaa  is  soluble  in  water,  and  the  solution  contains  a  mixture  of  sul- 
sulphonauhthalic  acids.  On  neutralizing  with  carbonate  of  baryta,  the 
ilphate  subsides,  while  the  soluble  sul^honaphthalato  remains  in  solu- 
>n  decomponing  this  salt  by  a  quantity  of  sulphuric  acid  precisely  suf- 
irecipitating  the  baryta,  pure  sulphonaphthalie  acid  is  obtaiiled. 

The  aqueous  solution  of  the  acid,  as  thus  formed,  reddens  Prop«rtiM- 
per  powerfully,  and  has  a  bitter  acid  taste.     On  concentrat- 
at,  the  liquid  at  last  acquires  a  brown  tint,  and  if  then  taken 
[ire  becomes  solid  as  it  cools.     If  the  concentration  is  effected 
;  of  sulphuric  acid  in  an  exhausted  receiver;  the  acid  becomes 
ite  solid,  apparently  dry,  and  at  length  hard  and  brittfe. 
»napthalic  acid  is  readily  voluble  in  water  and  alcohol,  and  ^"'^ 
ssolved  by  oil  of  turpentine  and  olive  oil,  in  proportions  de- 
>n  the  quantity  of  water  which  it  contains.     By  the  aid  of 
lites  with  naphthalino.  It  combines  with  alkaline  bases,  and 
Ural  salts,  which  are  called  $nlphonaphtkalates,      AH  these 
soluble  in  water,  and  most  of  them  in  alcohol,  and  when 

0  heat  in  the  open  air,  take  fire.|| 

Sulpho-indigotic  and  Hypo-sulpko'indigotic  Acids  are  ob-  P***"*'?*'' 

>m  indigo  dissolved  in  sulphuric  acid.  J^°*      *' 

h-indigotate  of  Potassa  has  received  various  names,  asprf- 

indigo,  soluble  indigo^  and  carmine  of  indigo.  Crum  showed 

IS  a  compound  of  indigo  and  sulphate  of  potassa.     He  gave 

e  of  cerulin,  from  its  blue  colour,  to  the  soluble  indigo  Ceralin. 

1  in  it,  and  that  of  ceruUo'Sulpkates  to  the  salts  consisting  of 
iince  united  with  sulphates. 

Formo-benzoilic  acia  moy  be  obtained  by  mixing  the  water  J^^J^c 
iflfbiiter  almonds  with  hydrochloric  acid,  and  evaporating,  ^cid. 


c  Bodietf  169. 

4frink  Acid  is  obtained  by  distilling  a  miiture  of  phosphoric  acid  and  >'>><MpboTuiM 
tLiebtg.  %  Ann.  de  Chim.  et  Phyt.  xnl  92.  '"^ 

Ipho-aaphthalate  of  baryta  has  been  Ibuml  by  Berseliu  to  be  a  mixtme  of 
iflkoli  to  separate ;  one  containing  salpho-naphtbalic  a»d  the  other  hypo, 
bihaltc  acid  S(SO')+CnHtt. 
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^^^•p'^L  It  remains  in  crystalline  masses  mixed  with  sal  ammonimc,  Cron 
which  it  is  freed  by  ether,  which  dissolves  the  new  acid.  It  ii  whin, 
very  soluble  in  water,  has  a  strong  acid  taste,  neutralizes  bases  ud 
forms  salts  with  oxides  of  silver  and  copper.  It  is  decomposed  hf 
heat,  leaving  charcoal,  and  giving  out  the  odour  of  peach  blosioafc 

Thomaon  coniidere  it  a  compound  of 

1  atom  formic  acid        ... 
1    "     hydret  of  benzoil 


Compoai 
tioa. 


C,H  Ob 
CmH,  0| 


Ci^Ht  0% 

The  hydrocyanic  acid  and  water  of  the  bittar  almonds  ia  decompoaed  ibIbI 
mic  acid  and  ammonia,  for 

1  atom  of  hydrocyanic  acid      -  -        CsII   If 

3    "         water  ...  Hs      Qi 


1 

1 


(I 


formic  acid 
ammonia 


Ca  H4  NOs 

C3H       Ch 

HsN 


CtHtNCh 

This  constitutes  an  acid  formed  by  the  combination  of  two  ornnic 
sessing  the  characters  of  acids,  and  capable  of  being  ftmned  at  pleai 


Section  III.     Cyanogen  and  its  Compounds. 


Cyanogen, 
a  com- 
pound  rad- 
ical. 


Mellon, 


1725.  Cyanogen  is  coosidered  by  Liebig  as  a  compound  radioL 
and  as  such  uniting  with  oxygen,  hydrogen,  and  most  olheriHi- 
metallic  elements,  and  also  with  the  metals ;  many  of  the  latter  bdi^ 
similar  to  haloid  salts,  while  others  possess  a  very  difierentcharKlH'- 

In  describing  the  compounds  of  cyanogen,t  it  will  be  necessaiyH 
employ  new  terms,  and  refer  to  several  substances  which  haveiit 
been  described  in  the  foregoing  pages,  a  brief  account  of  them  ii 
therefore  introduced  in  this  place. 

1726.  Mellon,  CsNf,  eq.  =93.32,1  is  a  yellow  powder,  insoloUeii 
water,  alcohol,  and  dilute  hydrochloric  and  sulphuric  acids,  butMli- 
ble  with  decomposition  in  nitric  acid  and  the  caustic  fixed  alkilio^ 
decomposable  by  a  strong  heat,  into  three  vols,  cyanogen,  and  flsr 
vol.  nitrogen  gas.  It  unites  with  potassium  forming  melloaoffC  d 
potassium,  with  hydrogen  forming  hydromellonic  acid.^  DiscovMi' 
by  Liebig,  and  considered  by  him  a  compound  radical. 

It  is  obtained  when  dry  sulpho-cyanogen  is  heated  in  a  retort  11 
redness,  the  products  of  the  decomposition  being  sulphuretofnitai 
sulphur  and  mellon. 
ll«l«nii>.  1727.  Melamin,  CeNtHi,  eq.  =121.62,  is  a  saline  base  diicoitirf 
by  Liebig,  being  a  product  of  the  decomposition  of  melam  (1729)  if 
alkalies  and  dilute  acids.  It  crystallizes  in  colourless  or  slightly  yeflij' 
rhombic  octohedrons,  transparent,  anhydrous,  sparingly  solaUiB 

*T.  Organic  Bodiet,  206. 

t  These  compounds  constitute  the  Second  Series  of  Liebig.   For  details, 
SOD,  Org.  Boihea,  768,  and  Liebig,  Org.  Chem.  755. 

t  The  formulas  are  those  of  Liebig. 

9  By  dissolving  mellonuret  of  potassium  in  boiling  water  and  adding  bf 
sulphuric,  or  nitric  acid,  bydromelloDic  acid  is  obtained.    It  is  decompoMd  bf 
lie  oxides-    See  L.  796. 
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cold  but  pretty  freely  in  boiling  water,  insoluble  iu  alcohol  and  ether.  ^^^  m- 
It  fuses  when  heatedi  and  sublimes,  partially  decomposed  into  mellon 
and  ammonia.  Decomposed  by  concentrated  nitric  acid  and  sulphu- 
ric acid  with  the  aid  of  heat  into  ammonia  and  nmmclid  or  ammelin ; 
fused  with  hydrate  of  polassa,  the  elements  of  3  eq.  of  water  add 
themselves  to  its  constituents  and  form  6  eq.  of  ammonia,  which  are 
erolved,  and  3  eq.  cyanate  of  potassa  are  left. 

1728.  Melamin  combines  with  dilute  acids  to  crystallizable  salts,  Combina- 
all  of  which  have  an  acid  reaction,  excepting  the  double  salts.     The  tiono'- 
acetate  and  formate  of  melamin  are  very  soluble ;   it  precipitates 
magnesia  from  hot  solutions  of  its  salts,  owing  to  the  formation  of  a 
double  salt.     Melamin  cqmbines  directly  with  the  anhydrous  hydra- 

cids,  all  its  salts  with  the  oxacids  correspond  to  the  ainmonipcai  salt 
in  containing  an  equiv.  of  water,  without  which  they  cannot  exist ; 
it  forms  double  basic  salts  in  which  this  equiv.  of  water  is  replaced 
by  a  metallic  oxide. 

1729.  Melam.   C„N„H9.  eq.  =  238.09.   This  product  of  the  de-  Melam. 
composition  of  sulphocyanuret  of  ammonium,  was  also  discovered  by 
Liebig.     When  the  sulphocyanuret  of  ammonium,  or  a  mixture  of 

two  parts  of  sal  ammoniac  and  one  of  sulphocyanuret  of  potassium 
are  heated  to  the  point  of  fusion  of  the  latter,  the  sulphocyanuret  of 
ammonium  is  decomposed  into  three  gaseous  and  one  solid  product. 
The  former  are  ammonia,  hydrosulphuric  acid,  and  the  sulphuret  of 
carbon;  the  latter  is  melam,  which  is  left  in  the  retort  mixed  with 
chloride  of  potassium,  and  is  separated  by  washing  with  water. 

1730.  It  is  a  white  powder,  insoluble  m  water,  alcohol  and  ether;  Properties. 
bnt  dissolved  by  hot  potassa,  a  part  being  decomposed,  but  another 
portion  is  deposited  again  unchanged  as  the  solution  cools.     It  is  also 
soluble  in  hot  concentrated  sulphuric  and  nitric  acids,  from  which  alco- 
hol and  water  throw  down  ammelid.     If  the  solution  in  these  acids  Solutions 
be  boiled,  it  is  completely  converted  into  cyanuric  acid  and  ammonia  ;  j^io^^l^u. 
1  ea.  melam  and  12  eq.  water,  contain  the  elements  of  2  eq.  of  cya-ric  ic^. 
ttiiric  acid  and  5  eq.  ammonia.     It  is  dissolved  in  hydrochloric  and 

dilute  nitric  acids  and  potassa  with  the  formation  of  ammelin  and 
melamin  ;  fused  with  hydrate  of  potassa,  ammonia  is  evolved,  and 
cyanate  of  potassa  produced  ;  and  with  potassium  the  mellonuret  of 
potassium  is  formed.  When  heated,  it  decomposes  into  mellon  and 
ammonia. 

1731.  On  heating  8  eq.  sulphocyanuret  of  ammonium,  they  are  Eiplao*- 
dacoroposed  into  1  eq.  melam,   10  eq.  ammonia,  4  eq.  sulphuret  of  '°"* 
carbon,  and  8  eq.  of  hydrosulphuric  acid  ;  1  eq.  of  melamt  on  being 
fcsed  with  6  eq.  of  hydrate  of  potassa,  give  rise,  by  the  addition  of 

ihe  elements  of  6  eq.  water,  to  6  eq.  cyanate  pouissa  and  5  eq.  am- 
nia.  Bv  long  application  of  heat  to  melam  in  caustic  potassa,  it  is 
oroposed,  together  with  2  eq.  of  water,  into  1  eq.  melamin  and  1 
ammelin.     Melam  is  converted  into  ammelid  by  the  addition  of 

llie  elements  of  6  eq.  water,  which  form  1  eq.  ammelid  and  2  eq. 

aunmonia. 

1732.  Ammelin.    CfN|H|Ot,  eq.  =128.47.    A  saline  base,  disco- AmmeliB, 
red  by  Liebig.   A  product  of  the  decomposition  of  melam  and  mela- 
iD  by  acids  and  alkalies.   It  is  precipitated  from  the  alkaline  solution 

which  melamin  is  deposited,  by  neutralization  with  acetic  acid. 
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Chap,  vf.  It  is  white,  insoluble  in  alcohol  and  ether,  soluble  in  caustic  alkalisii 
yields  by  distillation  a  crystalline  sublimate  and  ammonia,  with  a  mi- 
due  of  pure  mellon.  By  long  boiling  in  dilute  acids,  or  on  haag 
dissolved  in  concentrated  sulphuric  acid,  it  is  decomposed  by  theii- 
dition  of  1  eq.  of  water,  into  ammonia  and  ammelid.  fiy  fomt 
with  caustic  potassa  1  eq.  of  water  is  decomposed,  and  il  is  conTeftfli 
into  ammonia  and  cyanate  of  potassa. 
Formi  1733.  Ammelin  is  a  weak  salifiable  base,  and  forms  only  withtk 

"*  strong,  and  not  with  the  organic  acids,  crystallizable  salts,  whkk 

have  an  acid  reaction,  and  are  partially  decomposed  by  water  with 
the  deposition  of  ammelin.     The  salts  of  amraelin  with  the  oxtddi 
contain,  like  the  ammonia  salts,  1  eq  of  water,  without  which  they 
cannot  exist ;  the  double  salts  are  anhydrous. 
Nitrate  1734.  Nitrate  of  ammelin  crystallizes  in  large  broad  plates,  or  is 

long  quadrangular  prisms.     When  heated  it  fuses  and  ammelid  ii 
left,  nitric  acid  and  the  products  of  the  decomposition  of  nitrate  if 
ammonia  are  evolved. 
Ammelid.        1735.  Ammelid.    CitNyHgOc,  eq.  =257.79.    A  product  of  the  d^ 
composition  of  mclam,  melamin,  and  ammelin  by  concentrated  uak 
It  is'a  white  powder,  insoluble  in  water,  alcohol,  and  ether,  bat  solsbk 
in  alkalies  and  strong  acids  ;  by  continued  boiling  in  dilute  niiric  v 
sulphuric  acid  it  is  decomposed!  into  cyanuric  acid  and  ammonia-  L 
Theory  of       1736.  Liebig  has  given  the  following  explanation   of  the  faaic 
the  compo-  qualities  of  melamin,  ammelin,  and  ammelid,  and  of  their  connexiH 
meiamin      ^^'^^  ammelid  and  cyanuric  acid.     It  is  assumed  that  these  subatancM 
&c       '     contain  the  same  radical  as  cyanuric  acid,  together  with  a  coh- 
pound   of  nitrogen   and    hydrogen,   which   is  composed   of  eqal 
vols,  of  these  elements,  and  which  are  supposed  to  be  denoted  bythi 
ssymhoi  2M=HN;  the  compounds  may  then  be   represented  in  ihe 
following  form : 

Cyanuric  acid        -  -  -  Cys  O*         +  Hj 

Melamin  ...  Cyt  Mc         +  Hi 

Ammelin    ....  Cy^  M4  O-i  +  H3 

Ammelid  ....  Cys  M|  Oj  4-  Hi 

Cyanuric  acid        -  •  CyiOsQ3.f-  Hi 

1737.  The  cyanuric  acid  is,  as  may  be  seen,  both  the  commeac^ 

ment  and  termination  of  the  series  ;  in  melamin,  the  6  eq.  of  oijfBi 

Ezplana-    ^^^  replaced  by  6M(N3H3),  and  in  ammelin  4  eq.  by  4M;  bolkif 

tioD.  them  are  saline  bases.     The  ammelid  has  no  basic  properties,  and  ii 

it  one  half  of  the  oxygen  of  the  cyanuric  acid  is  replaced  by  331, ■! 

by  the  further  removal  of  all  M  cyanuric  acid  is  again  prodoai 

The  basic  properties  of  these  bodies  decrease  as  the  quantity  ofaif- 

gen  which  combines  with  the  radical  is  increased. 

Cyanuric         173S.  The  cyanuric  acid  may  be  compared  with  the  pbosphonB 

acid,  dLc.    acid,  and  melamin  with  phosphuretted  hydrogen  or  ammonia;  i» 

compared.   ^g]jf|  ^^^^  melamin  enter  into  direct  combination  with  the  hydndt 

and  without  the  intervention  of  water,  but  with  the  oxacids  oalykf 

the  intervention  of  1  eq.  of  water,  which  must  be  in  the  sanMiH* 

of  combination  as  in  the  ammoniacal  salts.     L.  8C3. 

Cyanogen  and  Oxygen. 

Cyanic  1739.  Cyanic  Acid,  CyO, 26.39  1  e(Kcy.  +  8 1  eq.  oxy.  =  SI* 

•cid.  equiv.     This  acid  was  discovered  by  Wohler,  and  is  formed  wbfi 


Cyanates  of  tSmmonia.  399 

cyanogen  is  transmitted  over  carbonate  of  potassa  at  a  red  heat,  or  s^ct  iii. 
into  an  alkaline  solution ;  by  exposing  compounds  of  cyanogen  at  a 
red  heat  to  the  action  of  the  air.  of  niire,  or  of  peroxide  of  manga- 
oese ;  by  fusing  ammcliu,  melamin,  or  ammelid  with  hydrate  of 
potassa ;  it  is  a  frequent  product  of  the  decomposition  of  compounds 
of  nitrogen.     It  is  not  known  in  the  anhydrous  state. 

Obtained  as  hydrate,  by  distilling  dry  cyanuric  acid  or  cyamelide*  Obtained, 
in  a  retort,  when  the  latter  is  converted  into  hydrate  of  cyanic  acid, 
which  must  be  collected  in  a  receiver  well  cooled  by  ice. 

1740.  A  clear  transparent  fluid  of  a  strong  penetrating  odour,  Propcrtiet, 
similar  to  that  of  acetic  or  formic  acid,  exceedingly  volatile,  and 
causes  blisters  on  the  skin,  which  arc  accompanied  by  great  pain. 
Mixes  readily  with  water.  Decomposes  with  the  production  of  great 
heal  shortly  after  its  formation  into  a  white  solid  of  the  same  com- 
position per  cent,  (cyamelidc)  ;t  its  aqueous  solution  reddens  vege- 
table colours  strongly  ;  it  decomposes  in  the  course  of  a  few  minutes, 
together  with  2  eq.  of  water,  into  bicarbonate  of  ammonia ; 

Hydretpd  cyniiic  acid  =  C>fN()+I10  >  _  (  2  eq.  rarb.  acid  =  2C()a 

Two  w\.  water  =  ^HO  )      (  1  ^q-  ammonia  =  Nilj 
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1741.  This  acid  forms  only  one  series  of  .<alls  with   the  bases;  Forms 
they  are  readily  recognised  by  the  peculiar  decomposition  produced  "'''' 
by  dilute  mineral  acids.     A  few  moments  after  mixing  the  salt  with 

the  acid,  a  rapid  effervescence,  accompanied  by  the  strong  penetrat- 
ing odour  of  cyanic  acid,  is  observed,  and  the  solution  by  Ix^ing  mixed 
with  hydrate  of  lime  evolves  ammonia  abumlantly,  whii-h  previous 
to  the  decomposition  cannot  be  detected.  Its  salts  with  the  alkaline 
bases  and  with  ammonia  are  soluble,  the  others  are  insoluble  ;  the 
former,  with  the  exception  of  the  ammoniacnl  salt,  are  decomposed, 
when  their  solutions  are  boiled,  into  ammonia  and  carl>onates. 

1742.  Cyanates  of  Ammonia.     Cyanic  acid  forms  with  ammonia  Cyanatesot' 
two  compounds,  one  of  which  is  particularly  remarkable  from  its  ammonia. 
identity  with  urea. 

1.  Basic  Cyanatc  of  Ammonia.  When  dry  ammoniacal  gas  and  the  g^^^-^ 
TBpour  of  hydrated  cyanic  acid  are  simultaneously  conducted  into  a  natcofam- 
dry  vessel,  they  unite,  forming  a  white  woolly  crystalline  compound,  n^oDia, 
which  contains  more  ammonia  than  corresponds  to  the  constitution 

of  a  neutral  cyanaie.  It  is  similar  in  all  its  properties  to  any  other 
aalt  of  cyanic  acid:  treated  with  an  acid  it  is  decomposed  with  efler- 
▼escence,  and  alkalies  etiect  the  evolution  of  ammonia  ;  but  if  on  the 
contrary  it  be  gently  warmed,  whether  dry  or  in  solution,  or  if  it  be 
left  for  some  time  exposed  to  the  air,  ammonia  is  given  otf,  it  luses 
all  the  above-mentioned  properties,  and  is  converted  into  urea. 

2.  Anomalous  Cyanaie  of  Ammonia  ;  Urea.     Discovered  by  Four-  Urea, 
croy  and  Vauquelin  in  urine,  by  Wohler  as  the  first  organic  compound 


*  Insoluble  Cyiinuru:  Arid  (1767). 

t  This  dccompoKitioD  with  water  is  the  cause  of  the  impossibility  of  obtaming  the  free 
•dd  fmm  the  aqueous  solutions  of  its  salts  by  the  action  of  a  stronger  acid,  although 
i  amall  quantity,  as  may  readily  lie  recognised  by  the  peculiar  odour  which  accc»mpa- 
tb«  oarbonic  acid  evolfed,  aces  escajpe. 
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Chap.  VI.  artificially  produced.     It  is  a  constituent  of  uric  acid*  and  it 

tained  in  the  urine  in  combination  with  lactic  acid.*   It  is  obtained, 

Process,  1743.  By  mixing  fresh  urino  evaporated  to  the  coniistance  of  aajraptti 

^ntJe  heat,  whinh  should  never  reach  that  of  ebullition,  when  quite  coU,  vih 
Its  own  volume  of  colourless  nitric  acid  of  sp.  gr.  k  1.42.  if  tbeevaporaliaatai 
been  carried  sufficiently  far,  the  whole  will  form  a  thick  crystalline  maa;  um 
sure  this,  a  small  portion  of  the  urino  should  be  tried  from  time  to  time.  Thi 
crystalline  mass  consists  of  a  compound  of  nitric  acid  and  urea,  which  is  — ^-^ 
soluble  in  nitric  acid.t 


The  impure  crystals  of  nitrate  of  urea  are  to  be  carefully 
with  dilute  nitric  acid,  strongly  pressed  between  folds  of  bibuka 
paper,  dried  upon  a  porous  tile,  and  redissolved  in  warm  water;  lk 
solution,  after  being  freed  of  its  colour  by  recently  prepared  chaitod, 
is  evaporated  to  crystallize. 

A  solution  of  the  colourless  crystals  of  the  nitrate  of  urea  is  treated  withe» 
bonate  of  baryta  until  it  is  rendered  perfectly  neutral ;  on  eirapormting,  cryMiitff 
nitrate  of  baryta,  and  then  of  urea,  will  be  obtained.  The  crystals  of  IM  ham, 
by  being  redissolved  in  a  little  cold  water,  are  freed  from  the  last  portions  sf  Ai 
nitrate  of  baryta ;  the  solution'in  alcohol  gives  crystals  of  pure  urea.X 

Another,  1744.  Instead  of  using  nitric  acid,  the  concentrated  urine  may  b 
added  to  a  boiling  saturated  solution  of  oxalic  acid,  when  the  spih 
ingly  soluble  oxalate  of  urea  falls,  which,  after  being  deprived  of  ii 
colour  by  charcoal,  may  be  decomposed  into  the  insoluble  oxalatarf 
lime  and  pure  urea,  by  being  digested  with  pounded  cbalk.^  It  CB 
also  be  prepared  by  the  decomposition  of  the  cyanate  of  oxide  of  d- 
vcr  by  sal-ammoniac,  or  of  the  cyanate  of  oxide  of  lead  by  pare* 
carbonate  of  ammonia. 
Properties.  1745.  Crystallizes  in  colourless,  transparent,  four-sided,  somewkrt 
flattened  prisms  of  the  sp.  gr.  1  35,  is  soluble  in  its  own  ««^ 
of  cold,  and  in  every  proportion  in  hoi  water,  in  4.5  parts  of  colir 
and  in  2  pans  of  boiling  alcohol :  the  aqueous  solution  has  a  cooliB| 
bitter  taste  like  nitre  ;  when  pure  it  is  perfectly  permanent  to  iheaiiff 
is  not  deliquescent,  fuses  at  250°  into  a  colourless  liquid,  is  deooB* 
posed  by  a  higher  temperature  into  ammonia,  cyanate  of  aiDinooab 
and  dry  solid  cyan  uric  acid.  Alkalies  do  not  cause  the  separatioarf 
ammonia  in  the  cold. 
Com-  1746.  Unites  with  several  acids  without  deconn position  to  crymt 

pounds,  lizablc  saline  compounds  :  by  evaporating  its  solution  with  nitialerf 
silver  or  acetate  of  lead  it  is  decomposed  ;  the  products  being,  «iA 
Decom-  the  first,  nitrate  of  ammonia  and  crystalline  cyanate  of  siJTer;  frtk' 
P^^'*  the  second,  acetate  of  ammonia  and  carbonate  of  lead.  With  hjpt* 
nitrous  acid  it  is  instantly  decomposed  into  nitrogen  and  carboiie 
acid  gases,  which  arc  evolved  in  equal  volumes;  with  chlorintii 
forms  hydrochloric  acid,  nitrogen  and  carbonic  acid.  Whea  tai 
with  the  hydrated  alkalies,  or  heated  in  concentrated  sulphuric  adi 
it  is  decomposed  together  with  the  constituents  of  3  eq.  of  water  ■!» 
carbonic  acid  and  ammonia.  Urea  contains  the  elements  of  cynriv 
ofammonia  (NHiO-f-C^NO) ;  it  may  also  be  considered,  accorfiBf 

♦  Henry. 

c«nu».  t  Since  the  urine  cootains  metallic  chlorides,  which  with  the  nitric  acid  kjtltB' 

of  heat  are  deoomposed,  and  giTe  rise  to  the  production  of  chloriiM  wuA  wiummmk 
both  of  which  act  powerfully  in  destroying  urea,  all  incraaae  of  lempcralaawaiti 
most  careHilly  afoidcd.  X  WoEler.  I  BerzeUna. 
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,  ai  a  Mcood  compound  of  carbonic  oiide  and  amidoi*  in    Stunt 
quantity  of  the  latter  is  double  that  in  oxamide  G«Os-|- 

Nitrate  of  Urea.     This  compound,  when  recently  preci pi- Nitrate  of 
I  urine,  appears  in  the  form  of  fine  crystalline  plates  of  a  ^''^' 
lour  and  mother-of-pearl  lustre ;  the  purer  they  are,  the 
f  lose  this  appearance ;  a  solution  of  pure  urea  treated  with 
1  gives  a  granular  white  crystalline  precipitate,  which  is 
8  parts  of  cold,  but  more  freely  in  hot  water,  from  which 
izes  in  broad,  scarcely  translucent  plates  ;  is  sparingly  so- 
itric  acid,  with  which  it  may  be  boiled  without  decomposi- 
com posed  of  I  eq.  of  nitric  acid,  1  of  urea,  and  1  of  water.t 
Oyanate  of  Potassa.    KOCyO ;  eq.  =  81.54.     By  roasting  Cyanata  of 
leat  dry  ferrocyanuret  of  potassium  in  fine  powder  upon  an  P"***"* 
,  the  powder  being  constantly  stirred  ;  the  cyanuret  of  po- 
ontained  in  the  salt  is  thus  converted,  by  absorbing  the  ox* 
he  air,  into  cyanate  of  potassa.     As  soon  as  it  is  baked 
nass,  owing  to  the  fusion  of  the  cyanate  of  potassa  forming, 
i  reduced  to  a  fine  powder  and  digested  in  boiling  alcohol, 
:b,  as  the  solution  cools,  crystals  of  the  cyanate  are  depo- 

r«  of  two  parts  of  ferrocyanuret  of  potaaiiuin,  and  ono  of  peroxide  of  Pn>ce»s. 
,  may  bo  treated  in  the  same  way.  This  mixture  may  bo  kindled  by  a 
ly,  when  it  smoulders  away  into  a  brown  mass  which  contains  cya- 
jssa,  carbonato  of  potassa,  and  sesquioxide  of  manganese.  This  salt  may 
cured  of  gn^at  purity,  but  not  so  economirally,  by  f\uina  the  hydrate  of 
I  silver  vesHol,  and  adding  mclam,  ammelin,  or  ammeRd  in  sucressive 
long  as  they  are  dissolved ;  the  fused  transparent  mass  congual^  on 
a  pure  crystalline  cyanate  of  potassa. 

Crystallizes  from  the  alcoholic  solution  in  transparent  an- Pro pertiet. 
plates,  which  closely  resemble  chlorate  of  potassa,  but  by 
to  a  moist  air  are  gradually  converted,  without  any  change 
into  bicarbonate  of  potassa,  while  ammonia  is  evolved.  It 
ed  by  cold  water,  in  which  it  decomposes  into  bicarbonate  of 
nd  ammonia  ;  a  change  accelerated  by  heat.  Fuses  at  a  high 
jre  without  loss  of  weight  to  a  cicnr  liquid,  which,  upon 
forms  an  opaque  crystalline  mass.  If  a  concentrated  solu- 
iriially  decomposed  by  acetic  acid,  or  a  dilute  mineral  acid, 
:yanurct  of  potassa  is  precipitated. 

Cyanates  of  oxides  of  stiver  wfid  lead,    AgOCyO,  ■nd  ^/j"J*3^**^ 
\  are  white  anhydrous  salts,  which  are  insoluble  m  water,  silver  and 
obtained  by  precipitating  the  cyanate  of  potassa  by  a  neutral  '^*^' 
id  or  silver.     Both  consist  of  an  eq.  of  acid  and  one  of  me- 
de ;  the  silver  salt  is  soluble  in  ammonia,  with  which  it 
vhite  crystalline  compound,  but  by  heat  the  ammonia  is  Producu  of 
sived,  and  the  pure  cyanate  of  silver  remains  ;  decomposed  1^^^^ 
vhen  dry,  with  a  slight  explosion,  into  cyanic  acid,  carbonic 
ogen  and  dicyanuret  of  silver. 

Fulminie  Acid,  CyA ;  eq.  =  68.78,  the  constituent  of  the  J^™"** 
ing  silver  and  mercury  discovered  by  Howard. 

ra  has  been  already  explained  (1663).    "  It  signifies  an  anhydrous  ammo- 
deprived  (if  an  stpreasioa  apparsotly  contradictory  may  be  allowed)  of  an 
iter."    T.  690.  tAsgnaoil. 

61 
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Chap.  VI.  This  acid  is  formed  when  nitrate  of  silver  or  protoxide  of  mnmji 
pnptn-  with  an  excess  of  nitric  acid,  is  boiled  in  alcohol ;  aldehyd*  withih 
^D-  trie  ether  is  evolved,  and  a  white  crystalline  precipitate,  the  bht 

nate  of  silver  or  mercury,  is  deposited  frcim  the  hot  solution.  If 
the  action  of  the  nitric  acid  upon  the  alcohol,  hypooitroiuidlM 
the  one  hand,  and  nldchyd  and  oxalic  acid  on  the  other,  mn  |» 
duced.  The  presence  of  the  oxide  of  silver  or  mercury,  eflbctia» 
action  between  two  eq.  of  hyponitrous  acid  and  one  of  ether  iiik 
alcohol)  by  which  they  are  converted  into  water  and  fulminic  acii 

2  eq.  hyponitrous  acid.  £tber.  Fulminic  acid.  Wm*. 

NsOy  4.  C4H5O     =     MaC402        +       SBO 

1752.  If  a  stream  of  hyponitrous  acid  vapour  be  conducted  iMi 
solution  of  nitrate  of  silver  in  alcohol,  a  copious  precipitate  of  Us* 
nate  of  silver  is  instantly  formed. 
Properties.      This  is  a  bibasic  acid ;  it  cannot  be  obtained  in  a  free  stale  ha 
any  of  its  salts,  being  decomposed  at  the  moment  of  its  •epvalinhf 
any  other  acid  into  hydrocyanic  acid  and  a  new  product. 
Fnlmi-           1753.  FulmiTiates,    The  salts  of  fulminic  acid  contain  eilkrt 
Bttes.        atoms  of  a  fixed  base  (neutral  salts)  or  1  atom  of  a  fixed  hue  nil 
atom  of  water  (acid  salts).t     If,  as  Liebig  supposes,  the  nhi 
considered  as  compounds  of  metals  with  certain   radicals, 
arise  from  the  union  of  the  oxygen  of  the  base  with  the  cootttMRi 
of  the  anhydrous  acid  ;  when  it -so  happens  that  the  affinity  of  At 
metal  for  the  oxygen  with  which  it  is  united  predominaiet,  itiiifr 
possible  that  the  radical  should  be  formed,  or,  what  is  the  samtskk^ 
that  its  decomposition  must  follow  whenever  an  attempt  is  waikw 
separate  a  metallic  oxide,  which  is  easily  reduced,  by  one  hoUi^ii 
oxygen  by  a  powerful  afHnity. 
Pnlminate       1754.  Fvl-miiate  of  Protoxide  of  Mermry,  SHgO.CytOb ;  •(  - 
^e'^mer-  ^88.78,  discovered  by  Howard,  is  prepared  by  dissolving  1  ptftrf 
cary.          mercury  in  12  parts  of  nitric  acid  of  sp.  gr.  1.36,  and  adding  liii 
ProGtis.      solution  11  parts  of  alcohol  of  80^-85  per  cent. ;  the  roixtore  wM 
be  heated  in  a  water-bath.     The  fluid  soon  enters  into  powerfidd^ 
micol  action  ;  metallic  mercury  is  precipitated,  and  nitric  elkcrw 
pours  evolved,  the  latter  carrying  oflf  along  with  them  a  cooiidarib 
portion  of  the  former ;  after  a  short  time,  hard  opaque  crpt^i 
fulminate  of  mercury  are  deposited.     These  are  carefully  «mU 
and  dried  at  common  temperatures  on  paper.     It  is  freed  firoaii 
admixture  of  metallic  mercury  by  being  re-dissolved  in  boiliagnU  1^ 
from  which  it  is  deposited  in  white  fine  acicular  crysiaboiii'  1^^' 
silky  appearance.     Explodes  with  great  violence  when  stnakv 
^  1 1, 

*  Aldehyd,  from  alcohol  dehydraluM ;  a  remarkible  anhitance  oblMUcd  fiaajW  1^. 
it  is  a  colourless  liquid,  ytrj  Tolatile,  with  a  peculiar  etberial  and  pncinliiC**  I  '> 

t  The  two  atoms  of  fixed  base  must  either  be  two  atoms  of  the  saBtorrfai^  I/" 

K- 


fereot  metallic  oiides,  which  are  readily  reduced,  (2  eq.  of  Cob,  S  of  HfO,  irfJF 
1  eq.  of  CuO  and  1  eq.  of  AgO,  &c  )  or  I  eq.  of  an  easily  reduced  onds  ■>[} 


or  1  eq.  01  uuu  ana  1  eq.  01  Agu,  oc  1  or  1  eq.  of  an  easily  reduced  ondt  ^^ 
of  an  alkali,  (1  eq.  AgO  and  1  eq.  KO  or  BaO,  or  HOZoO,  &c.)    FUwM« 
two  atoms  of  a  difficultly  reduced  metallic  oxide  cannot  beobiainad.   R<i*K 
follows  that  when  a  salt  of  the  first  class,--sach,  therefore,  as  oontaia  S  i^"W 
of  silrer,  mercurjr,  or  copper,-*Bre  brought  into  contact  with  an  alkali,  sani 
of  the  metallic  oxide  is  replaced  by  its  equivalent  of  the  alkali^  the  other  hdfi 
in  the  new  compound.    This  remarkable  property  seems  to  indicate  ■■■* 
connexion  between  the  acid  and  the  oxy^fo  of  km  mttallic  ojuda  which  ii' 
with  it,  than  ia  aioally  considered  to  ezisL    L.  761. 
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etireen  two  hard  tubstances ;  placed  od  a  red-hot  coal,  it  Secu  iii. 
ih  a  alight  explosion  and  a  blue  flame. 

It  is  used  for  firing  percussion  guns  :  for  this  purpose,  10  Use. 
the  salt  are  reduced  lo  a  fine  powder  by  rubbing  it  with  a 
pestle  on  a  marble  s)nb  with  90  parts  of  water  ;  and  this, 
xed  with  6  parts  of  nitre,  forms  a  paste,  with  which  the  cop- 
are  filled. 

Fulminate  of  SUter.   2AgO+Cy,Oa.   Prepared  by  dissolv- pniniinite 
t  of  silver  in  10  of  nitric  acid  of  sp.  gr.  1.36 — 1.38  at  a  gen-  of  lilfcr. 
adding  the  mixture  to  20  parts  of  alcohol  of  85  to  90  per  Ptocmi- 
d  heating  the  mixture  gently;  as  soon  as  the  fluid  btginsto 

removed  from  the  fire,  and  placed  aside  to  cool.  The  solu- 
s  its  transparency,  and  deposits  the  fulminate  of  silver  in 
liar  crystals  of  a  snow-white  colour  and  of  great  lustre ; 
ashed  and  dried,  their  weight  should  equal  that  of  the 
ed. 

The  fulminate  of  silver  is  sparingly  soluble  in  cold,  but  Properties, 
soluble  in  36  parts  of  boiling  water;  is  not  decomposed  by 
d ;  more  readily  exploded  than  the  mercurial  salt  by  fric- 
ow,  or  by  contact  with  concentrated  sulphuric  acid.  Caus- 
ies  separate  half  the  silver  as  oxide,  chloride  of  barium  or 
n,  as  chloride ;  crystalline  salts  with  two  bases  arc  obtained, 
ich  the  acid  fulminate  of  silver  may  be  separated  by  nitric 
e  latter  salt  may  be  obtained  in  crystals,  and  is  more  soluble 
neutral  fulminate  of  silver. 

Fulminate  of  Copper^  2CuO,CyaOa,  is  prepared  by  digesting  Paiminate 
inates  of  silver  or  mercury  with  metallic  copper.     It  may  be  of  copper, 
in  green  crystals,  which  arc  very  soluble,  and  explode  with 
flame. 

Fulminate  of  Zinc  is  obtained,  according  to  E.  Diavy,  by  di-  Falminata 
the  fulminate  of  mercury  with  metallic  zinc.     From  ihe<»f*»oc. 

which  no  lonofcr  contains  a  trace  of  mercupy,  baryta 
les  h!ilf  the   zinc,  and  the  fulminate  of  zinc  and  baryta 

y«Oj  is  obtained  ;  from  this  the  baryta  may  be  precipiia- 

ree  sulphuric  acid,  and  the  acid  fulminate  of  zinc  remains 

)n,  which  has  been  described  by  E.  Davy  as  pure  fulminic 

the  presence  of  the  zinc  may  be  shown  after  the  decompo- 

the  fulminic  acid  by  the  sulphuret  of  ammonium  and  the 

eapenls.* 

Hydro'chloro-ofanic  Acid,  is  the  product  of  the  decomposi-  nj^j^- 
ilminate  of  silver  by  hydrochloric  acid.     This  substance  has  chloro-cya* 
but  sweetish  acid  taste,  does  not  precipitate  silver  salts,  and  "*^  '^* 
posed  by  heat  into  carbonate  of  ammonia  and  other  new 
It  contains  5  eq.  of  chlorine,  and  its  constitution  is  most 
represented  by  the  formula  CsNCls-l-Ht. 

Cyanuric  Acid,     Described  by  Scheele  as  pyrouric  acid,  by  Cfinohc 
as  cyanure,  but  its  nature  was  first  pointed  out  by  Wohler  Mid. 

jig- 
pnpumtioa  of  this  acid,  see  Fehling  to  Loiui.  and  Edin.  PhUoa,  Jour. 
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Chap.  VI.      It  is  a  product  of  the  decomposition  of  the  solid  chloride  oj 

gen  by  water,  of  the  soluble  cyanates  by  dilute  acids  (acetic, 

urea  by  heat,  of  uric  acid  by  the  destructive  distillation,  aod 

lam,  melamin,  nmmelid,  and  ammelin  by  acids. 

It  is  best  propared'by  dissoWing  dry  melam  in  stronc  ■alphinie  acid, 
a  gentle  heat,  tbrowing  the  solution  into  20—30  paits  (7  water ;  ibo  warn 
be  kejpt  for  sevecal  days  at  near  its  boiling  heat,  nntil  upon  trial  it  do  loi 
a  white  precipitate  with  ammonia,  when  tlie  solution  may  be  evapofalM 
tallize ;  the  crystals  should  be  purified  by  a  second  crystallisation.  ( 
be  made  by  heating  urea  beyond  its  point  of  fusion,  until  it  is  oonveited 
evolution  of  ammonia  into  a  white  or  gjrayish- white  dry  mass;  this  mis 
dissolved  in  concentrated  sulphuric  acid,  the  solution  treated  with  ai 
added  drop  by  drop  until  it  becomes  colourless,  and  then  added  to  an  < 
lume  of  water ;  when  cold,  crjrstals  of  pure  cyanuric  add  are  deposited. 

1762.  By  dissolving  melam  in  strong  sulphuric  acid  it  is  co 
into  ammeud,  which,  by  being  further  heated,  is  conTerted  i 
monia  and  cyanuric  acid.  Three  atoms  of  urea  contain  the  e 
of  1  eq.  of  cyanuric  acid,  and  3  eq.  of  ammonia ;  at  a  high  ti 
ture  the  greater  part  of  the  ammonia  is  evolved  as  a  gas, 
small  portion  remains  in  combination  with  the  cyanuric  acid. 

1763.  Colourless,  inodorous,  a  slight  taste,  reddens  litmai 
sparingly  soluble  in  cold,  but  taken  up  by  24 parts  of  boiling  wai 
crystals  from  the  aqueous  solution  contain  21.66  per  cent : 
water,  which  they  lose  at  common  temperature  when  exposec 
air,  but  more  rapidly  when  heated,  and  fall  into  powder.  Tl 
oblique  rhombic  prisms.  The  dry  acid  contains  3  eq.  of  wi 
may  be  obtained  in  crystals  free  from  water  of  crystallization 
hot  saturated  solution  in  nitric  or  hydrochloric  acid.  The  I 
when  heated  is  converted  into  3  eq.  of  hydrated  cyanic  ac 
constituents  of  which  it  contains.  It  is  soluble  in  the  stroage 
without  decomposition,  but  by  long-continued  boiling  is  cti 
into  ammonia  and  carbonic  acid. 

It  is  a  tribasic  acid  ;  its  hydrate  is  Cy30,-|-3HO ;  eq.  ^  1 

1764.  Cyanurates.  The  salts  of  cyanuric  acid  contain  thm 
of  bfise»  which  are  represented  in  the  hydrate  by  three  atoms 
ter.  AH  cyaourets  are  decomposed  by  hydrochloric,  nitric 
&c. ;  the  cyanuric  acid  crystallizes  out  of  the  solutions  with 
taining  a  trace  of  the  metallic  oxide  with  which  it  was  unita 
alkaline  salts  fuse  when  heated,  leaving  a  cyanate  of  the 
while  cyanate  of  ammonia,  cyanic  and  carbonic  acids,  are  eva 

1765.  Cyanurate  of  Potassa,    The  salt  {  ^^O  I  "'"*'y»**»* 

by  neutralizing  a  boiling  saturated  solution  of  cyanuric  acid 
tassa :  it  falls  in  the  form  of  white  brilliant  cubes.     If  these  a 
be  dissolved  in  a  solution  of  caustic  potassa,  the  addition  of  a 
precipitates  the  cyanurate  of  potassa  with  two  equivalents  of 

base,  I  oTTQ  I  -l-CysOa,  in  white  acicular  crystals.     Oo  btii 

dissolved  in  water  and  evaporated,  it  is  decomposed  into  free  pi 
and  the  former  salt, 
urate       1766.  Cyanurate  of  Silver.  If  nitrate  of  silver  be  added  is  « 
of  the  above  salts  of  potassa,  a  white  precipitate  is  obtained,  * 
is  cyanurate  of  silver,  with  2  eq.  oxide  of  silver  and  1  e^  w 


Cyaau- 
rates. 


Cyaaorate 
orpotassa. 


ijyaiiural 
»i  sil?er. 
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SAirO  (  ^y*^*«  ^^"  ""^'^  heated  ia  the  dry  state  eroWes  h]rdrated '- 

cyoaic  acid.  But  if  a  solation  of  silver  be  added  to  a  boiling  solu- 
tion of  cyanurate  of  ammonia,  containing  ammonia  in  excess,  the 
cyanurate  with  3  eq.  of  oxide  of  silver  is  formed,  dAgOtCysOj ;  it  is 
insoluble  in  water ;  very  sparingly  soluble  in  dilute  nitric  acid;  may 
be  heated  to  600**  without  decomposition ;  is  white,  is  not  blackened 
by  light,  emits  carbonic  acid  and  nitrogen  gases,  at  a  red  heat,  leav- 
ing the  cyanuret  of  silver  as  a  residue. 

1767.  Cyamelid^  or  Insoluble  Cyanuric  Acid,  Probable  formula  CyMMlid. 
CfOj+NH  ;  eq.  =  434)9.  The  hydrate  of  cyanuric  acid,  when 
free  from  water  of  crystallization,  hardens  shortly  after  its  prepara- 
tion into  a  white  porcelain-like  body,  which  is  insoluble  in  water, 
dilate  acids,  alcohol,  and  other ;  but  is  dissolved  with  decomposition 
by  the  caustic  alkalies  ;  ammonia  is  evolved,  and  emanate  and  cya- 
nurate of  the  alkali  formed.  Concentrated  sulphunc  acid  dissolves 
it  with  the  aid  of  heat,  when  with  the  elements  of  2  cq.  water  it  is 
decomposed  into  carbonic  acid  and  ammonia ;  submitted  to  the  de- 
structive distillation,  it  is  converted  into  hydratcd  cynnic,  a  change 
which  is  very  readily  accounted  for,  since  its  composition  is  the  same 
as  that  of  the  hydrated  acid. 


Cyanogen  and  Hydrogen. 

176S.  Hydrocyanic  Acid,  Prussic  Acid.  Discovered  by  Scheele  ;  prossic 
for  a  knowledge  of  its  nature  and  chemical  properties  we  are  in-  Kid. 
debted  to  Gay-Lussac  :  it  is  a  constituent  of  the  water  distilled  from 
the  leaves  and  blossoms  of  several  stone-fruits  ;  is  formed  by  the  de- 
structive distillation  of  many  substances  containing  nitrogen,  by  the 
•decomposition  of  formate  of  ammonia  by  heat,  and  of  the  metallic 
cyanurets  by  acids. 

17ti9.  Ankffdrous  Uydrocyanic  Acid.  Fifteon  pnrUi  of  cryitnllino  fcrrucyonurct  Anhydr_^ 
<£  potaaium  am  diatilltid  in  a  retort,  at  a  very  gcuUi'  heat,  with  a  iiiiituru  oft)  Hyaroeya 
parts  of  lulphuric  acid  and  0  porta  of  water,  and  thn  proiIuctM  colloeteil  in  n  wulJ-  oic  acid, 
coolsd  rereiviT,  containing  5  parts  of  chloride  of  ralciuni  in  roarac  fragmcntu  :  Procen, 
tke  mixture  of  arid  and  water  nJiould  not  bo  used  till  perfectly  cold.    The  diatiU 
laiion  in  slopped  as  ^^Mm  as  the  chloride  of  calcium  is  perfectly  covered  by  the 
fluid  coHoclL-d  in  the  rtKcivor.    It  is  than  poured  off  into  a  strong  glass  vess«d 
with  a  good  stop|»er.* 

The  ferrocyanuret  of  potassium  contains  the  cyanuret  of  potassium,  Explainad 
which  is  decomposed  by  the  hydrous  sulphuric  ucid  into  sulphate  of 
potassa  and  hydrocyanic  acid ;  the  latter  passes  over  with  a  little 
water  into  the  receiver,  but  this  is  absorbed  by  the  chloride  of  calci- 
nm.  It  can  also  be  prepared  by  decomposing  the  bicyanuret  of  mer- 
cury by  strong  hydrochloric  or  dry  hydrosulphuric  acid  gus.    i«.  7Cii. 

Tho  bicyanuret  may  be  beatfMl  gently  in  a  tube  of  about  \^  inches  in  length 
HmI  at  least  half  an  inch  in  diameter  iutemaJly,  nearly  tilled  with  that  substance, 
■ad  placed  horizontally,  as  in  Pig.  igg. 

IIm  CUI   (Fig    lJ?i»).      The   gas  is  l^^^^^r^.    .   .  u  ■- ^.;r=w.;>^,^ 

pBMrd  over  until  tho  cor' ^ 

tiM   tube   have  become 
SODA  of  the  gas 
tbe  other  eitromity 
tiU  all  tho  bicyanuret 


—  — rf»          J 

aontally,  as  in  Y\i 

»).    The  gas  is  n      ,_mp^,^^^^ 

tho  contents  of     ^  y 

twcome  block ;  I 

cKaping  from  I 

ily  or  the  tube,  i 

iurct  is  decom-  ^^ 


*  Trautw«iB. 
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Chap.  VI.  pOMd.  WhcncTer  the  odour  of  the  gu  ii  perceived  at  the  month  of  th«  nnir- 
er,  the  tube  a,  connected  with  the  apparatoi  in  whieh  tbe  gH  is  prodneid,  ii 
withdrawn,  and  the  extremity  of  tiie  tube  closed  with  plaster  of  Park.  It  ii 
heated  ^ntly  when  the  lute  hai  set,  and  the  hydrocyanic  acid  which  hat  hm 
formed  is  volatilized  and  condensed  in  a  small  receiver  placed  in  a  freesingaii- 
ture. 

Properties.  1770.  At  common  temperatures,  a  clear  limpid  fluid,  Tery  conha^ 
tible,  burning  with  a  reddish  flame,  of  sp.  gr.  =  0.6li69  at  64^  It 
congeals  at  5°  to  a  solid  fibrous  mast,  boils  at  80°,  may  be  mixed ii 
every  proportion  with  water,  ether,  and  alcohol;  the  sp.  gr.  of  tki 
vapour  is  0.9476  :  scarcely  reddens  litmus  paper.  It  has  a  pecnlkr 
penetrating  odour,  similar  to  that  of  bitter  almonds,  eliecki  the 
breathing,  and  causes  a  flow  of  tears ;  it  possesses  a  penetndaf 
taste,  which  is  somewhat  burning,  and  strongly  bitter ;  its  TspiMi^ 
when  inhaled,  acts  instantly  as  a  most  powerful  poison.  The  anti- 
dotes are  ammonia,  as  likewise  chlorine,  which,  however*  mait  ki 
administered  with  caution. 
P,^^  1771.  The  congelation  of  the  acid  at  S*  is,  according  to  Scbok, 

point.         owing  to  small  quantities  of  water ;  he  states  the  perfectly  anky* 

drous  acid  as  still  liquid  at — 64°. 

Decom-  1772.  Decomposes  when  perfectly  pure  with  the  greatest  laeQitf 

P?^  ^     under  the  influence  of  light,  with  the  formation  of  a  brown  aubstaaet 

'     '   and  ammonia;  small  quantities  of  acids  prevent  this  decompositioa; 

by  concentrated  mineral  acids  it  is  very  rapidly  conrerted,  together 

with  the  elements  of  water,  into  formic  acid  and  ammonia ;  3  eq.  if 

water  and  1  of  hydrocyanic  acid,  a  strong  acid  being  present,  sofir 

mutual  decomposition,  and  are  converted  into  ammonia  which  anila 

with  the  acid,  and  into  formic  acid. 

1  eq.  hydrocy.  acid     NC2H         ^ .  ( ^  ^'  ^^''^^'  ^       ^i 

3  eq.  water  H3O3  3  ^  {  I  eq.  formic  acid  C2H  O3 

NC2H4O3  NC2H4O, 

Action  of        1773.  Potassium  heated  in  the  vapour  of  the  acid  unites  with  thi 

potassmm.  cyanogen,  and  liberates  the  hydrogen ;  lime  and  baryta,  when  hftilrf 

in  the  vapour,  also  liberate  hydrogen  and  give  rise  to  cyanates ;  it  ii 

decomposed  by  chlorine  with  the  formation  of  hydrochloric  acidiai 

chloride  of  cyanogen. 

Hdyrous         1774.  Hydrous  Hydrocyanic  Acid*   CyH,  eq.  27.39.     One  part  if 

hydrocva-    bicyanuret  of  mercury  dissolved  in  8  parts  of  water  is  treated  with  a 

ProcMs       stream  of  hydrosulphuric  acid  gas  till  the  latter  is  in  slight  exoea; 

the  free  hydrosulphuric  acid  removed  by  a  little  carbonate  of  loi 

and  filtered.     The  clear  liquid  contains  ^^  ^^  anhydrous  hydrocfi- 

nic  acid.     By  the  decomposition  of  the  bicyanuret  of  mercury  ihf 

fluid  becomes  black  like  ink,  and  it   frequently  only  becomes  ctar 

after  the  addition  of  a  small  quantity  of  a  free  mineral  acid ;  it 

tains  too,  very   generally,  small  quantities  of  hydro-9nIpfa< 

acid. 

1775.  It  may  be  prepared  of  the  same  strength  and  perfectly  pOHb 
according  to  Geiger, 

By  distilUnc  4  parts  of  crystallized  fcrrocyanuretof  potataium  with  Idpufei^ 
water  and  2  of  strong  sulphuric  acid  ;  20  parts  of  water  are  placed  in  the  raeora^ 
and  the  distillation  is  conducted  until  38  parts  have  collected.  The  Jislillai* 
is  best  conducted  in  a  chloride  of  calcium  batli,  and  the  vapours  ahouM  be  0^ 
densed  by  a  condensing  apparatus  of  glass.  The  product  is  collected  in  a  eriS' 
drical  bottle,  which  is  marked  at  the  point  corresponding  to  38  parts. 


1776.  AcCDTdtnc  tn  Clnrk,  it  ni»y  bo  prpptml  by  dkHolvtDB  1   ^  P'- 
pun  or  laiuric  add  iii  40  parU  I'l  vmtf  r,  wi  i^Jinji  Sg  paria  of  ciark'i 
pure  cyKDurei  of  [lOlaniiini  m  coiir«e  fniginL-ni*  m  tbe  ■olulicn-  The  i>rac«*. 
jbild  niHt  be  kept  very  cold,  and  khnkea  from  limu  to  lime  :  this  icid 
eotiHioa  3  per  c«ni.  anKydruun  ncid,  and  Sj  lo  3  gTs.  uf  biurlralr  of 
pan—  in  llta  ounce.* 

1T77.  Ma^ondicMaMi  ih«i  tho  medieinnl  hydrocyanic  aeid  i»pri'>"^«*"* 
ptntl  by  miiiuK   1   pad  by  vglumo  of  tho  aohydioui  acid  with  *1"^ 
pnt*  of  Wilcr  ;  or  by  weipht,  1  part  of  the  acid  wiih  W  of  wntor 

ITTti  All  iMtbotla  in  which  bydroeyonic  acid  is  obtainod  by  dit-  smntib 
(illBtioi)  ooTDi  yiuld  thi*  enorgciic  profmraiion  of  ihr  vnmo  qunliiy  '(°^^' 
•jul  (tioDgili  I  (>««n  with  th«  application  of  ••very  poi«ible  prrraution, 
tb«  prrdufi  never  contain*  more  iban  four  tilths  of  ibo  Kmall  qoao- 
Uty  of  Kid  ■rhich,  according  (o  tho  calculation,  oaght  io  bcprocurrd; 
(hu  •hx's,  wlivci  f«rrocyanurot  of  pota^tium  ii  ami,  from  a  portion 
«f  tbiiiryvnurtl  cnioring  into  corabinniinn  with  the  prDincyanurM  of 
IrMi  dunng  ibo  d«coinpo*)lioii  of  tho  yvUnvr  lalt.  or  from  the  impoa- 
aibility  of  ttfKling  an  absoliita  condosaatjon  of  m  volalilo  a  tnbciancir 
duriof  ilio  ilirtillalion. 

VJTQ.  [t  ir  ihorefofo  grraily  preforablc  lo  prepare  a  «tTon({or  acid  "^''' 
in  tba  flni  initaacn.  to  drionnino  by  «x|>erii»«at  the  itianiity  of  an*  *" 
faydious  acid  conuinod  in  il ;  and  by  ihu  addition  of  waurr  to  btin; 
it  ID  that  drfp-co  of  dtliiiion  which  is  ptrvscritied  by  thu  physician,  or 
hflhe  tncdieol  law*  nf  ihc  land.i     Tba  mothod  docribfd  iii  liie  note 
niav  be  used  for  toviing  tbe  iirenjilb  of  say  soluiion  of  Lyiirocyniiir. 
■Bid  i  UX)  gratui  of  an  ncid  whicb  cuotaina  3  per  ceiti.  anbydroiu 
wnuic  nciU  tbould,  wlicn  precipitated   by  ibu  aitniie  of  lilvtt,  give 
U  |{rain«  of  the  cyantirci.     Tbti  meihoil  U  inde|wndeot  uf  oil  acci-  StNunli 
d«nu  which  can  pouibly  havu  an  influence  upon  the  ociiviiy  nf  die""™' 
preparation  ;  it  i*  lo  very  itiinple  (bat  it  will  yield  accuralo  rc*i;lli  in 
overy  hand.     The  peioxide  of  mercury,  which  ia  rmdily  divsulved 
as  cyanide  nl  rjiminan  lenincratutes,  may  aUo  be  used  in  te*t  ibe 
Mnuiftlli  itf  the  atjueous  aeiJ ;  a  drop  i>r  iwu  of  cautiic  puta±«a  t*  ed- 

■Oiuffao  .U.^,  Jmr. 

n  diiulM  with  I  „.,_ 
'  '  ni  balk ;  itnil  "4 


t  Fw  inmiilc  1  iwtU  ot  erpullitK  r«mcT>aar*t  of  pouinnm  ni 
nn  u(  lulptiui^c  ulil  toil  3  at  *uei  to  drynru  lp  a  cliWhde  ol  a 
{be  prmlnn,  «d]  ouiil«d  bf  >l»  amdnitJaii  intx  tppkiauii,  (dUb 


0  whii'hai«naa(«Biwn«v*  t«tH  placed.    Tli*  i|uaiiiliv  nbttim 
to  4— ,4  |att*  If  wvislil  of  lH]uiil,  cnnlaiDioit,  DgmiJuif  lu  iji 


.■i.Lti  til  ij'itiutiuutviui^l.  j£  lur  cnDpl* 
:.i'-'I,  the  w  gmfnauf  ilUult  kiiI  vnnld  bavr 
iiul,  HdalMTininaiiCitiioi.  Wen  U  itt- 
ii;  phnmampirii I  IB  mahi  a  bidiDCftnu  Mill 
,  .1   . .  .llJ,  mil  eoMcquTdilr  n-prtttnt  id  vain,  li  d 

r  .— .)  tiydTocrink  ■!»!  U  la  OT  walar  t*  iu,4  add  »  In 

lU-4  Hniuaol  auhfoioua  acid  tM.i  (raint  ofwalat  oiu*!  bead- 
I  Mm  a  aiUnii*  wbich  ahall  cuutam  1  pur  mdl  of  anbrdniu*  acid. 
iarilwnnidun.ih(nrn)*,  (iiMt  ii  caaiiaiksT  111.4  fai"*  nr^aliidnnia 
I  wawr.  SM.*— ««-«  —  ae<.«KnuH  »r  viUr  men  t-  addad- 


I 


uu>p.Tl._  M  W  ^e  ■oluiion.  which  is  iheii  ireated  with  «  ttiMNva-i 
tbe  peroxide  in  Tine  nowder  :  every  4  paru  of  lb*  vadm 
carrssponds  lo  one  of  ihe  anhyjrous  acid-  — 

PnifBtuta.  1780.  Tbe  propcriics  of  th«  aqueous  acid  arc  similar  »  tkg«4 
tite  concentrated,  wilh  [he  dlflereuce  or  Caaut.  odour,  ■nd  paamtm 
aod  conibuslibie  pnipvrtieii,  which  are  dependvui  un  a  bigbatt 
lower  degree  of  coo  cvd  I  rati  on  ;  it  ducomposoa  when  fmrtmeHf  jm*m 
readily  HB  the  anhydrous  aoidi  becoming  brown,  snd  a(  lut  Uak. 
178].  Ltlceihfauhydroiisacid.boivever.  ilfliaf  liepm*vn«illifl^ 

^^*J|^  diagotrsccufa  »(rou^  mineral  acid  ;  a  slight  pennafMmi  nddnuitrf 
litmus  paper  should  not  therefore  be  considored  a  iiiflkieot  ruyn  fa 
rejecting  an  acid  ;  it  should  be  dear  nod  colourlea*,  luavB  no  nmim 
on  evaporation,  nor  be  precijiitaied  or  blackened  by  hyilruaglphaB 
BCiil  gas  (lead  or  mercury).  Treated  with  nniinDni«innd  erapaaat 
in  B,  water-bath,  the  dry  reiidae  should  not  ciceed  one  quariVfB 
cent. ;  nor  should  it  become  lirnwn  when  heated,  lit'it  iiMltr.ftiin( 'h 
prsaence  of  formic  acid,  which  may  also  bn  dviertpfl  by  tfta  Mi 
hetmirtor  to  bo  meniioned.  Sulphuric  acid  i)  detocunl  by  fauys; 
hydrochloric  Rcid  by  evaporating  in  a  wator-baili  till  al]  oimid 
pru«ic  acid  ii  gone,  nnd  then  adding  a  >ati  nf  iilrur.  Bymtfi 
recti ficB lion  over  chalk,  an  excess  ol  mineral  aeida  rriuy  rradtlj  t* 
corrected  ;  but  m  this  case  s  lrac«  of  hydrochlnric  or  fulphitncwi 
must  be  added  aflerwardi,  lo  give  stability  to  the  ncid.     L-t»», 

D«ttcii>ni         1762.  As  this  acid  n  a  very  powerful  poison,  nil  vxperimetita  mik 

xm/t^'  '^  *"'"'  ^^  performed  with  llie  greatest  caotion.  S«*era]  fatal  m» 
dents  hare  occurred  ;  even  tbe  fumes,  incauliau«ly  inhaled,  praiiv 
Severe  bead-ache,  nauaea,  and  fainling.  A  linglc  drop  ialrwtHd 
tnlo  the  throat  of  a  large  dog,  killi  the  animal.  Acconllii^  uiBflJib 
the  best  nntidoie  is  the  cold  aflnsion. 

1763.  The  preeence  of  the  free  ncid  is  recognised  by  in  tim- 
lis  presence  in  the  stomach  afior  d^ulh  may  U;  ilMected  in  seted 
ways.  The  sulphate  of  copper  forms  when  rvndvnid  alkiEatlyt 
liule  potassai  a  greenish  precipitate,  which  hccomva  nearly  wiiiMA 
the  audition  of  hydrochloric  acid,  but  this  is  iif  Uu  value  ihaali 
formnlion  of  FruMJan  blue  ita  proposed  by  Scheclc : 

Sdr««l«'«  To  the  liquid  supposed  to  i-onlotn  hydrocyanic  acid,  add  a  -nfa'n 
I""*"'  of  green  vitriol,*  throw  down  (he  proluxidc  o(  iian  by  a  sUg bt  era* 
of  pure  polassn,  and  acidulate  with  hyJruchloric  or  »utpbunc  aoli'* 
as  10  ruilissulvu  ihv  prt.-cipttBtci.  Prussian  blue  wili  dien  laaWik 
Bppuararice.  If  hydrocyanic  a.cid  had  buva  urijjinatly  preseol.  TW 
presence  i<f;;iro<»t)Wt  of  iruuis  e»enUal. 

1764,  The  subject  has  beon  invvsii^ted  ezperimontally  by  l^at 
Lu-          and  LotsoigDi!,  and  the  process  iliey  have  r<KOintnend«ti 


lowing : 


w  Dibar  tubsiaiices  ti 


«  -    I 
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0  will  bt  dniolTed  and  the  liquid  beoome  tnotparent ;  bat  if  anyof  tfat    B>cu  III. 
Dt  it  will  rennun  andiasolTed  and  white.    By  thii  method  ^  ixnr 


he  acid  may  be  detected.  There  ia.  however,  a  lource  of  ambiguity  ; 
white  precipitate  will  remain  if  the  liquid  ahoold  contain  hydriodic  acid. 

of  iron  when  lobftitnted  fbr  anlphate  of  copper  will  detect  TTr^DU  ^^ 
bt  of  the  acid,  but  it  haa  the  adrantageof  being  characteriitic  in  conae- 
Pthe  formation  of  Pruaaian  blue.* 

.  HydrocyanaU  of  Ammonia^  Cyanurtt  of  Ammomum*  Uydroeya- 
,  eq.  =  44.54.  Prepared  by  distilling  dry  smmoniacal  salts  n«i«.of«m- 
^tallic  cyanurets,  or  by  bringing  anhydrous  hydrocyanic  acid 
iiact  witn  ammoniacai  gas,  when  the  compound  is  produced 
orm  of  bright  crystalline  plates.  It  is  almost  as  volatile  as 
I  itself;  decomposes  very  rapidly  in  water,  is  poisonous,  and 
Tong  peculiar  smell. 

.  On  bringing  hydrocyanic  acid  into  contact  with  metallic  ox-  Hydrocya- 
ich  retain  their  oxygen  by  a  feeble  affinity,  as  in  the  oxides  of  nip  add 
f,  silver,  palladium,  they  suffer  mutual  decomposition,  giving  Jic^o^ei 
the   formation  of  water  and  a   metallic  cyanuret ;    if  no 
e  present,  the  decomposition  is  accompanied  by  so  great  an 
Mfi  of  heat  as  to  cause  an  explosion.     The  alkaline  oxides 
ith  the  acid  without  decomposition ;  in  this  class  of  com* 
also  the  decomposition  of  the-  acid  and  alkali  is  instantly 
,  when  the  solution  is  treated  with  another  metallic  cyanuret, 
hich   they  form  a  double  compound.     With  many  peroxides, 
example,  with  the  peroxide  of  copper,  the  hydrocyanic  acid 
ae  to  a  corresponding  percyanuret ;  but  this  is  decomposed 
nstantly,  or  after  a  short  time,  into  cyanogen  gas,  and  a  pro- 
iret;  with  the  peroxide  of  lead  the  protocyanuret  is  formed, 
inogen  liberated. 

'.  The  compounds  of  cyanogen  with  silver,   mercury,  and  Wiihiil- 
?avy  metals,  are  not  decomposed  by  dilute  ox-acids,-  and  are  ^*'^' 
ifficulty  decomposed  by  concentrated  nitric  acid  at  a  boiling 
iture ;  many  of  them  with  great  facility  by  hydrosolphuric 
drochloric  acid  into  hydrocyanic  acid,  ancl  a  metallic  sol- 
or  chloride  (cynnurets  of  mercury,  silver).     The  cyanurets 
)fecious  metals  (silver,  mercury)  are  decomposed  by  heat  like 
responding  oxides  into  cyanogen  and  metal ;  the  cyanurets  of 
ivy  metals  into  a  carburet  and  free  nitrogen  ;  the  cyanurets 
ilkaline  metals,  if  protected  from  the  action  of  the  air  and 
re,  will  bear  a  very  high  temperature  without  decomposition. 
).  All  insoluble  cyanurets  of  the  heavy  metals  may  be  formed  inioluble 
ing  hydrocyanic  acid  to  the  acetate.    They  are  decomposed  cyaoureu 
ig  heated  in  a  large  excess  of  hydrochloric  acid  or  in  hydrate 
sta  into  a  metallic  chloride,  or  into  an  oxide,  ammonia,  and 
acid  ;  the  latter  is  the  case  with  the  alkaline  cyanurets  when 
in  an  excess  of  alkali.     All  metallic  cyanurets,  the  correspond- 
ides  of  which  do  not  retain  carbonic  acid  at  a  red  heat,  evolvei 
burnt  with  oxide  of  copper,  nitrogen  and  carbonic  acid  gases 
poportion  1  :  2  by  volume. 

I.  Cyanuret  of  Potastium.    KGy  eq.  65.64.    Formed,  when  Cjaouret 
um  is  heated  in  cvanoffen  eras  with  the  aonearance  of  com-  of  po(***i* 


nm. 
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^^p*  ^J'  bustion,  by  heating  potassium  with  anhydrous  substances  containisg 
nitrogen,  by  heating  the  carbonate  of  potassa  to  redness  with  maner 

containing  carbon  and  nitrogen. 

Prepared.  By  adding  hydrocyanic  acid  in  excew  to  a  recently  prepanid  coDceotnMi  » 
lution  of  caustic  potassa,  evaporating  the  solution  in  a  retort  at  a  boiliiig  baltl 
crystallization  commences,  wnen  it  must  be  poured  into  a  porcelain  didb  mi 
fused  at  a  low  red  heat.  Or  a  saturated  alcoholic  solutioa  of  hydnM  tf 
potaasa  is  treated  with  strong  hydrocyanic  acid  in  successive  pofttBM  ■ 
long  as  it  throws  down  a  white  crystalline  precipitate,  which  ibodd  b 
washed  with  alcohol  and  dried.  An  additional  quantity  is  obtained  by  f» 
porating  the  liouid  in  a  retort.  Or  better  by  heating  the  feirocyannrtC  of  p 
tassium,  carefully  dried  and  reduced  to  a  fine  powder,  in  an  iron  reMel  or  vi^ 
closed  cnicible  to  a  strong  red  heat,  exposure  to  the  air  being  earelblly 


Quite  cold ;  the  semi-fused  or  black  porous  mass  must  then  be  redocod  Is  i 
nne  powder,  placed  in  a  funnel,  moistened  with  a  little  alcohol,  mad  Aa 
washed  with  cold  water.  The  first  concentrated  colourleaa  aolatioa  vliA 
passes  off,  is  rapidly  brought  to  dryness  and  fused  in  a  porcelain  dish.  Hi 
pounded  fused  mass  may  also  be  boiled  in  spirit  when  toe  cyanuiet  ii  te^ 
sited  in  crystals  on  coonng.  Alcohol  of  60  per  cent,  diaoolvei  at  the  biH| 
temperature  a  considerable  quantity  of  the  cyanuret,  almost  the  whiiic 
which  is  again  deposited  as  the  solution  cools;  if  it  be  stronger  or  woA^ 
this  does  not  occur.  The  application  of  warm  water  in  the  preuaratioB  mm 
be  altogether  avoided,  as  when  air  is  present  it  at  once  colours  iks » 
lution  yellow,  owing  to  the  reproduction  of  the  ferrocyanuret  of  poCaaMi 

Properties.  1790.  Colourless,  crystallizes  in  transparent  cubes,  or  other  Utm 
of  the  octobedral  system,  without  odour,  but  of  a  sharp  biting  afe 
line  and  bitter-almond  taste ;  fuses  readily  to  a  clear  trantpaictf 
liquid,  and  will  bear  a  white  heat  without  decomposition  in  dmt 
vessels  ;  exposed  to  oxygen,  on  the  contrary,  it  is  converted  nv^ff 
anate  of  potassa.  On  exposure  the  crystals  become  opaque,  dtt* 
quesce  in  a  moist  atmosphere,  are  very  soluble  in  water,  the  soMii 
is  decomposed  even  by  the  carbonic  acid  of  the  air,  and  smellirf 
prussic  acid.  Even  kept  in  close  vessels  it  decomposes  in  a  sboM 
or  longer  time. 

Action  of        1791.  The  cyanuret  of  potassium  is  converted,  when  dissolTvdii 

^^^^-  water,  into  hydrocyanate  of  potassa  ;  if  the  solution  be  evaporated  viA 
an  excess  of  potassa,  the  whole  of  the  nitrogen  is  evolved  as  aioa^ 
nia,  and  formate  of  potassa  remains.  Efiervescence  on  the  addiM 
of  an  acid  proves  the  presence  of  carbonic  acid  ;  a  yellow  coImk 
that  of  iron  ;  and  a  blackening  when  heated,  the  admixture  of  «b 
of  formic  acid.     It  may  be  used  instead  of  the  hydrocyanic  acid. 

o(^T^  1792.  Cyanuret  of  Iron,  FeCy ;  eq.=54.39.  This  compovi 
remarkable  from  its  tendency  to  form  a  very  peculiar  class  of  dodVi 
compounds  by  uniting  with  other  cyanurets,  would  appear  as  acr 
pable  of  existing  in  a  free  state  as  the  corresponding  protoxide,  (h 
adding  a  proto-salt  of  iron  to  a  solution  of  cyanuret  of  potaMSii 
yellowish-red  precipitate  is  formed,  which  is  redissolved  by  u  tf 
cess  of  the  cyanuret  into  a  yellow  liquid,  the  ferrocyanuret  of  pm^ 
sium.  On  heating  dry  ferrocyanuret  of  ammonium,  cyansitc' 
ammonium  is  evolved,  and  a  gray  insoluble  powder,  which  hasl** 
considered  as  this  compound,  is  the  residue  obtained.  It  isii* 
produced,  according  to  Robiquet,  by  pouring  a  saturated  totatimd 
hydrosulphuric  acid  over  recently  precipitated  Prussian  bioe  €^ 
tained  in  a  well-stoppered  vessel ;  the  Prussian  blue  becomei  vUK 
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mnd  the  solution  contains  hydrocyanic  acid.*    The  properties  of  ■•ct.m. 

these  preparations  differ  too  widely  to  allow  of  their  being  considered 

as  identical.t 

1793.  Bicyanuret  of  Mercury.     HgCyj,  eq. =254.78.     An  aque-  Bicyanuret 

oaa  solution  of  prussic  acid  is  treated  with  finely  powdered  peroxide  ^  "'^'^'7* 

of  mercury  until  all  odour  of  the  former  disappears;    the  liquid 

yields  on  evaporation  perfectly  pure  crystals  of  the  bicyanuret. 

For  this  jpurpoM  the  acid  propared  m  rooommended  by  Geiser  ia  moat  conve-  Prooeaa, 
■iMit ;  it  should  be  introduced  into  a  well-stopped  bottle,  and  the  combination 
with  the  oiide  of  mercury  promoted  by  frequent  agitation.  It  must  always  be 
noMBibered,  that  the  compound  can  only  be  produced  when  water  is  present  in 
■sficieot  quantity  to  dissolve  the  whole  of  the  cyanuret ;  water  must  therefore 
he  added,  should  it  be  obsenred  that  the  liquid  smells  of  prussic  acid,  while  any 
poftion  of  the  oxide  of  mercury  remains  unJissolved.  Or  by  adding  to  a  solution 
*  of  2  parts  of  ferrocyanuret  or  potassium  in  15  parts  of  boiling  water,  3  parts  of 
^  psrfcctly  dry  bisulphate  of  the  peroxide  of  mercury ;  boil  the  mixture  for  a  quar- 
^  Isr  of  an  hour,  and  separate  the  clear  liquid  while  boiling  hot  from  the  precipitate 
"^  bj  filtration ;  as  tfie  solution  cools,  the  bicyanuret  crystallizes.  The  mother- 
^'  Mqoor  yields  a  second  crop  of  crystals  by  further  concentration ;  ur  it  may  be 
~'  eraporated  to  dryness,  and  the  cyanuret  obtained  from  the  residue  by  boiling  al- 
^  eohol.  The  first  crystals  from  the  aqueous  solution  are  purified  by  a  second 
^  erystallisation. 

i:        1794.  The  formation  of  the  cyanide  in  this  process  is  owing  to  Eipl*io«d. 
^.  the  mutual  decomposition  between  the  2  eq.  of  cyanuret  of  potassium 

J  of  the  ferrocyanuret  and  2  eq.  of  persulphate  of  mercury  into  bicya- 
^,  ooret  of  mercury  and  sulphate  of  potassa,  while  the  cyanuret  of  iron 
^   im  precipitated. 

^        1795.  Crystallizes  in  colourless  transparent  regular  four  or  six-  l*roperues. 
g    aided  prii«ms ;  they  are  anhydrous,  permanent  in  the  air,  of  a  very 
.    disagreeable  metallic  taste,  and  are  very  poisonous.     Is  dissolved  by 
^    8  parts  of  water  at  60^,  but  is  more  soluble  in  boiling  water,  and  in 
alcohol. 

Peroxide  of  mercury  decomposes  all  soluble  metallic  cyanurets 
y  with  the  formation  of  an  oxide  and  double  cyanurets  of  mercury  and 
f     olber  metals,  t 

1796,  Cyanuret  of  Silver,  AgCvi  eq.  134.39.  Falls,  on  mixing  Cjranuret 
a  soluble  salt  of  silver  with  hydrocyanic  acid,  in  the  form  of  a  bril-  ®' *"^*^* 
liant  white  curdy  precipitate;  is  decomposed  by  all  hydracids,  but 

with  great  difficulty  by  other  mineral  acids ;  strong  boiling  nitric 
acid  alone  can  dissolve  it ;  suffers  no  change  by  the  caustic  Hxed  al- 
kalies, is  readily  dissolved  by  ammonia.  Is  soluble  in  a  concen- 
timted  solution  of  the  nitrate  of  silver,  forming  with  it  a  compound, 
which  may  be  obtained  in  crystals,  but  is  not  permanent  in  water, 
b  gi^cs  rise  to  double  compounds  with  all  cyanurets  of  the  alkaline 
setals. 

1797.  Cyanuret  of  Palladium.     PdCy.  eq.  79.69.     The  affinity  Cyaoorat 
<«f  palladium  for  cyanogen  surpasses  that  of  all  other  metals;  they^^P^'*^' 


*  fiendios. 

t  Ses^i.  and  Proio  eyanureU  qflron,  FeCy+Fe«Cy»+4  sq. 

tif  th?  bicyaouret  be  hailed  with  an  excess  of  peroxide  of  mercury ,  the  latter  is  dis- 
'""  '  in  lar^  quaiititv  (3  eq.  Kohn),  sad  the  suiution  oo  cfaporation  depo»ilsa 
nod  ia  fine  acicuisr  crystals;  these  are  more  soluble  in  cold  water  than  the  bi- 
laret,  and  hate  an  alkaline  reaction  oo  vegeuble  colours.    The  formation  of  this 
^.fMMiid,  daring  the  preparation  of  the  btcvanuret,  most  be  carefully  avoided,  or 
^■i^  a  white  saline  mass  oiay  be  obuioed.    liiis  is  best  done  by  the  careful  addition 
^■f  iydrocyaaic  acid  until  its  odour  is  slightly  perceptible. 
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Chap.  VI.  combine,  whenever  hydrocyanic  acid  or  any  aoluUe  cyannret  is  ai- 
ded to  a  salt  of  the  oxide  of  palladium,  in  the  form  of  a  light  chc* 
nut  precipitate,  which  has  a  greenish  tint  if  copper  be  pieseat; 
gires  rise  to  double  salts  with  ammonia,  cyaouret  of  pota»iuni,iDd 
nitrate  of  the  oxide  of  palladium. 
^fJJ«»a.^  1708.  Percyanuret  of  Gold.  AuCy„eq.=278.17.  Thiscomponi 
^  '  has  recently  been  used  medicinally. 

A  tolutioD  of  gold  in  aqua  regia,  caniully  deprived  of  all  free  aoid  by  e« 
ratkm,  it  precijpitated  by  a  recently  prepared  iofution  of  caustic  jintii  to  «i 
hjdrocyanic  acid  has  been  added  in  exceaa  >  care  must  be  takeo  tnat  a  Hndl 
tity  of  the  chloride  of  aold  remain  in  the  aolulion.    The  yellcnviali-wlnM 

Sitate  in  collected,  waahed,  and  dried.  An  exeeaa  of  cyaDoret  of 
iaaolvea  the  precipitate,  and  the  aolation  haa  a  jrellowiah-rad  eoloor, 
case  it  is  re-precipitated  by  the  addition  of  an  acid.  It  may  aUo  be  pwpawdtf 
adding  to  lo  parts  of  gold  dissolved  in  aqua  regia  by  the  aid  of  heat  a  bfliliM» 
lution  of  24  parts  of  bicyanuret  of  mercury,  evaporating  to  dryncaa,  and  wiiaf 
with  pure  water. 

uuets^'  1799.  All  insoluble  metallic  cyanurets  (the  heavy  metals)  conbne 
the  metals,  with  the  soluble  (the  alkaline  metals)  to  peculiar  generally  crytfii- 
lizable  double  compounds,  which  are  very  similar  in  their  geotni 
properties  to  the  combinations  of  the  soluble  and  insoluble  metiDie 
sulphurets.  On  mixing  a  do'uble  cyanuret  of  potassium  or  lodiaa 
with  a  metallic  salt,  the  basis  of  which  is  an  oxide  of  a  heavy  mettl, 
a  new  double  compound  is  generally  formed,  arising'  from  the  »* 
placement  of  the  alkali  by  its  equivalent  of  the  heavy  metal.  Ik 
double  cyanuret  of  silver  and  potassium,  KCy-f-AgCJy,  forms,  viA 

acqtate  of  lead,  PbOA,  the  double  cyanuret  of  silver  and  lead,  HCy 

-|~AgCy,  and  acetate  of  potassa. 

Constitn-         1800.  The  composition  of  these  compounds  is  best  explained  bf 

tioaof  the  supposing  the  existence  of  a  radical,  which  contains  1  eq.  of  irooii 

eompmiads  combination  with  carbon  and  nitrogen  in  the  same  proportion  utfacf 

of  iron  and  exist  in  cyanogen,  but  in  such  quantity  as  would  form  3  eq.  of  ik 

cyanogen,    loiter,  and  which,  by  uniting  with  2  eq.  of  hydrogen,  form  a  bifatac 

acid.     The  radical  itself  may  be  called  ferrocyatiogen ;  the  arii 

hydro-ferrocyanic  acid  ;  and  the  compounds  of  the  radical  wilhtk 

metals  by  the  same  adjuncts  to  ferrocyanuret  as  are  used  fiorik 

corresponding  oxides. 

The  ferrocyanogen  is  composed  of 

3  eq.'  Strogen  j  =3  eq.  cyaoogen+l  eq.  iroosl  eq.  ferrocymnogea  5  tjmh.  Of. 

Compounds  of  Ferrocyanogem. 

Hydio-fer.       1801.  Hydro- Ferrocy ante  Add.    Cfy+2H,  eq.=109.17.    Diior 
^25^*^      vered  by  Porreit. 

PfOQQgg^  Prepared  by  decomposing  recently  precipitated  ferrocyanQret  of  lead  or  < 

by  sulphuretted  hydrocen  ;  filter  to  separate  the  metalnc  solphuret,  sad  1 
rate  over  sulphuric  acid  in  vacuo.**    Or  by  mixing  pure  Prussian  blue  wi— 
times  its  volume  of  concentrated  hydrochloric  acid,  and  as  soon  as  the  Ma 
colour  has  disappeared,  and  the  insoluble  portions  have  become  yellow  orhnaa 
washing  it  weA  with  fresh  portions  of  the  concentrated  acid  ;  tbe       '  — ^ 
should  be  spread  out  upon  a  clean  tile,  placed  under  a  bell-j 
lime,  and  when  dry  dissolved  in  alcohol,  and  the  eolation  spow 
porated.t 

*  Berzelios.  t  Bobiq 
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1802.  A  white  distinctly  crystalline  mam,  or  small  granolar,  some-  Stcuiii. 
tiroes  acicular  crystals,  which  acquire  a  blue  colour  by  exposure  to  Proptnies. 
the  air.     The  aqueous  solution  is  decomposed  by  boiling  into  hydrc^ 
cyanic  acid,  and  a  white,  but  after  exposure  in  open  vessels  blue, 
precipitate.     The  hypothetical  radical  of  the  acid  can  (probably)  not 

be  isolated. 

1803.  Ferr<Kyanurei  of  Ammoniuffu   It  may  be  formed  by  digest-  Ferroeyto- 
iog  at  a  gentle  heat  the  ^rrocyanuret  of  lead  with  carbamate  of  am*  nretof  tm- 
ouuiia;  filtering  to  separate  tbe  carbonate  of  lead,  and  evaporating"^"**""' 
to  crystallization.     It  is  isomorphous  with  the  ferrocyanuret  of  po- 
tassium ;    the  crystals  are  white,  or  yellowish-white,  transparent, 
permanent  in  the  air,  rery  soluble  in  cold,  but  decomposed  by  boiling 

water  into  cynnuret  of  ammonium  and  cyanuret  of  iron,  insoluble  in 
akohol.  It  forms  with  sal  ammoniac  a  double  salt,  which  is  obtain- 
ed by  boiling  a  solution  of  equal  parts  of  ferrocyanuret  of  potassium 
and  sal  ammoniac  in  6  parts  of  wster,  when  it  forms,  on  cooling, 
large  lemon-yellow  crystals,  which  are  very  brittle  and  permanent 
ID  the  air.  They  are  composed  of  an  eq.  of  ferrocyanuret  of  ammo- 
niaro,  1  of  sal  ammoniac,  and  3  eq.  water."* 

1604.  On  bringing  the  hydro-ferrocyanic  acid  into  contact  with  Hydro-rer- 
metallic  oxides,  the  latter  are  reduced  by  the  hydrogen  of  the  acid,  ^|"j^ 
water,  and  a  compound  of  the  metal  with  the  radical  of  the  acid  be-  metallic oz- 
iag  formed  ;  as  1  eq.  of  the  acid  contains  2  eq.  of  hydrogen,  it  fol-  '^^' 
lows  as  a  necessary  consequence  that  it  decomposes  2  eq.  of  the 
moat  numerous  class  of  oxides,  in  which  1  cq.  of  oxygen  is  present 
in  1  eq.  of  the  oxide. 

1805.  The  fcrrocyanurets  are,    without  exception,  decomposed  Decompoi- 
wben  exposed  to  a  red  heat  in  close  vessels  ;  those  which  contain  an  ***  **y  *>••*• 
alkaline  metal  give  rise  to  the  formation  of  the  cyanuret  of  that 
metal,  a  carburet  of  iron,  and  the  evolution  of  nitrogen  gas ;  all 
others  yield  mixtures  of  metals  and  metallic  carburets,  with  or  without 

the  evolution  of  cyanogen.  All  the  soluble  ferrocyanurets  are  decom- 
posed by  being  boiled  with  peroxide  of  mercury  mto  perycyanuret  of 
nercury,  free  alkali,  and  oxy-cyanuret  of  iron.  The  fcrrocyanurets  of 
potassium  and  sodium  are  converted  by  being  calcined  in  open  vcs- 
aels  into  alkaline  cyanates,  and  the  black  oxide  or  carburet  of  iron. 

1806.  Most  of  the  ferrocyanurets  contain  water  of  crystallization,  Propertict. 
which  they  lose  when  heated.     Those  of  zinc,  copper,  and  mercury 

unite  with  ammonia  to  peculiar  crystalline  double  compounds.!  Most 
of  them  are  soluble  in  concentrated  sulphuric  acid  without  decompo- 
sition ;  or  they  unite  with  it,  when  they  lose  their  colour,  to  saline 
combinations  m  which  the  ferrocyanuret  acts  the  part  of  a  base.  By 
nitric  acid  they  are  decomposed,  many  of  them  with  the  evolution  of 
cyanogen  and  the  formation  of  metallic  ferrid -cyan u rets.  When 
those  which  are  soluble  in  water  are  boiled  with  dilute  acids,  the 
hydro- fenocyanic  acid  is  separated,  and  at  that  temperature  decom- 
posed into  hydrocyanic  acid  which  escapes,  and  into  the  white  but 
impure  protocyanuret  of  iron,  which,  on  exposure  to  the  air,  absorbs 
oxygen  and  becomes  blue. 

1807.  Ferrocyanuret  of  Potamum,    In  crystals  KaCfy-|-3  aq.,  eq.  Penoqrm- 
=185.47.  This  compound  occurs  of  great  purity  in  commerce,  and  is  Mtus^um. 

*  Bvnsen.  t  Dud. 
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Clap  vi»  prepared  on  a  large  scale  by  fusing  substances  which  are  rich  in  ai- 

PitMstM.      trogen,  as  horn,  hoof,  and  dried  blood,  with  2 — 3  parts  of  carbonste 

of  potassa  in  iron  vessels  ;  the  mass  after  perfect  fusion  is  allowed  Is 

cool,  the  soluble  parts  removed  by  boiling  water  from  which  the  fa* 

rocyanuret  is  obtained  by  crystallization.    It  may  be  obtained  oat 

small  scale  by  boiling  Prussian  blue  in  carbonate  of  potassa. 

Rxplaiotd.       1808.  By  the  fusion  of  substances  containing  carbon  and  nitragti 

with  carbonate  of  potassa  at  a  red  heat,  the  potassa  is  reduced  l^t 

portion  of  the  carbon  to  potassium,  by  the  reaction  of  which  on  thi 

rest  of  the  materials  cyanuret  of  potassium  as  the  principal  prodacl 

is  formed.     The  red-hot  fused  mass  does  not  contain  a  partidtrf 

the  ferrocyanuret,  but  it  contains,  in  the  form  of  a  black  sliflM^t 

large  quantity  of  finely  divided  metallic  and  carburetted  iron.    If  tki 

mass  be  treated  with  cold  water,  and  the  solution  evaporated,  as 

ferrocyanuret  is  obtained ;  but  if,  while  covered  with  water,  it  ii 

Efftetof     freely  exposed  to  the  air  and  gently  warmed  for  some  hours,  oijfn 

ur*  is  rapidly  absorbed,  and  a  yellow  solution  is  obtained,  which  is  riek 

in  ferrocyanuret  of  potassium ;  this  arises  from  the  solution  of  pan 

cyanuret  of  potassium  dissolving  iron  when  oxygen  is  present  wiA 

the  formation  of  potassa;  the  potassium,  therefore,  of  the  cyaninel. 

by  uniting  with  oxygen,  gives  the  cyanogen  to  the  iron,  by  whick 

the  latter  is  converted  into  cyanuret,  and  thus  acquires  the  propel^ 

of  uniting  with  undecomposed  cyanuret  of  potassium  to  the  ferrocj^ 

anuret. 

Aireiclud*      1809.  In  close  vessels  the  solution  of  iron  by  cyanuret  of 

ed.  um  is  attended  with  the  evolution  of  hydrogen,  owing"  to  thedi 

position  of  water,  the  oxygen  of  which  unites  with  the  potaasioa, 
while  the  cyanogen  passes  over  to  the  iron.     The  fused  mass  ess* 
tains  a  large  quantity  of  free  potassa,  which,  by  being  boiled  with  tW 
cyanuret  of  potassium,  causes  the  decomposition  of  the  latter  ins 
formate  of  potassa  and  ammonia ;  if  the  animal  substances  be  fimi 
in  open  vessels  with  the  potassa,  a  portion  of  the  cyanuret  of 
sium  is  burnt  into  cyanate  of  potassa,  the  solution  of  which  is 
posed  by  boiling  into  ammonia  and  bicarbonate  of  potassa.    Thi 
ammonia  arises  in  every  case  from  the  decomposition  of  the  cysHRi 
of  potassium;  its  formation  is  consequently  always  accompaaied  If 
a  corresponding  loss,  and  should  be  most  carefully  avoided.* 
Properties.       1810.  Crystallizes  in  large  quadrangular  tables  or  short  pra* 
with  truncated  edges  and  angles,  which  belong  to  the  squars  prii* 
matic  system  ;  is  of  a  lemon-yellow  colour,  of  sp.  gr.  1.83S;  hvii 
first  a  sweetish  bitter,  but  afterwards  saline  taste  ;  is  permaoeslii 
the  air,  loses  at  212^  12.82  per  cent.=:3  eq.  of  water,  and  beeoflV 
white  ;  is  soluble  in  4  parts  of  cold  and  in  2  parts  of  boiling  waMt 
is  insoluble  in  alcohol,  by  which  it  is  precipitated  from  its  aqoESV 


Protowilphmtt 
ofireo 


^^  ^^^  *  It  is  best  to  treat  one  third  either  byTolumeor  weight  of  a  cold  lolatMM  orthcMV 
a^dUL  mass  with  pr  >tosulphate  of  iron  as  long  as  a  precipitate  falls,  thea  add  the  nMHf 
two  thirds  of  the  solution,  and  hrini;  the  whole  to  the  boiliar  point  j  it  mostalvtytki 
remembered  that  the  solation  must  contain  free  potassa.  id  this  mmoiwr  lulphsarf 
potassa  is  obtained;  and  all  the  cyanuret  of  potassium  it  converted  withovt  Mfhs 
into  the  ferrocyanuret ;  the  solution  can  be  evaporated  withtiut  decoaipoaUMa.aMlAi 
sulphate  of  potassa  is  easily  separated  bj  crystallization.  The  rmw  solatiaa , 
contaius  some  salphocyaouret  of  potassium,  tulphuret  of  potasMUi,  ' 
bonate  of  potassa,  all  of  which  remain  in  the  mother  liquor. 
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toiution  in  brilliant  yellow  flakes.     Is  conrerted  by  nitric  acid,  with    gtct-  ni. 
the  escape  of  cyanogen,  and  by  chlorine,  into  the  ferrid-cyanuret  of 
potassium.     At  a  red  heat  it  is  decomposed  into  the  carburet  of  iron 
mod  cyanuret  of  potassium,  but  by  the  action  of  atmospheric  air  the 
latter  is  converted  into  cyanate  of  potassa. 

1811.  The  ferrocyanuret  of  potassium  forms  double  compounds  Uie. 
with  other  fcrrocyanurets.  It  is  used  as  a  test  for  the  oxide  of  iron 
in  solution.  When  thus  employed,  however,  it  must  be  remem- 
bered that  the  solution  must  not  have  an  alkaline  reaction,  for  all 
solutions  of  oxide  of  iron  which  contain  free  ammonia  are  not  preci- 
pitated by  the  ferrocyanuret  of  iron. 

It  is  used  for  the  preparation  of  hydrocyanic  acid,  percyanuret  of 
mercury,  Prussian  blue,  &c. ;  taken  in  largi;  doses  is  purgative  and 
not  poisonous.* 

1812.  Ferrocyanuret  of  Mercury.     On  mixing  a  solution  either  Ferroejrm- 
of  pro«  or  peroxide  of  mercury  with  ferrocyanuret  of  potassium  a  white  ""'•*  ^ 
precipitate  falls,  which  spontaneously  decomposes  into  cyanuret  of  ' 
mercury  which  is  re-dissolved,  and  into  cyanuret  of  iron.     This 
change  is  rendered  more  rapid  by  the  aid  of  heat,  and  metallic  mer- 
cury is  separated  when  a  proio-salt  of  mercury  has  been  used. 

1813.  Ferrocyanuret  of  potassium  produces  white  precipitates  with  Colour  of 
the  aalts  of  silver,  zinc,  and  bismuth,  a  greenish-white  with  those  fTSKS** 
of  nickel,  and  green  with  cobalt ;  but  the  latter,  by  taking  up  water, 
become  reddish-gray  ;  with  salts  of  protoxide  of  manganese  a  white 
precipitate  is  first  formed,  but  it  afterwards  acquires  the  colour  of 
peach-blossoms. 

^  1814.  Sesqui-ferrocyanuret  qf  Iron,  Discovered  by  Diesbach  in  pnisiitn 
.,  Berlin  in  1710,  from  which  it  became  generally  known  as  Prussian  blot. 
or  Berlin  blue.  It  is  formed  whenever  a  salt  of  peroxide  of  iron  is 
added  to  a  soluble  metallic  ferrocyanuret ;  compounds  similar  in  co- 
lour, bat  different  in  constitution,  although  likewise  known  by  the 
name  of  Prussian  blue,  may  be  obtained  by  precipitating  the  ferrid- 
cyanuret  of  potassium  by  a  salt  of  the  protoxide  of  iron,  or  by  preci- 
pitating the  ferrocyanuret  of  potassium  by  a  proto-salt  of  iron,  adding 
aD  acid,  and  exposing  the  precipitate  to  the  air  until  it  becomes  blue. 

By  precipitating  a  tolution  of  percbloride  or  pemitrate  of  iron  by  ferrocyanuret  Prooew. 
ofpotaMiuiD,  caro  being  taken  to  avoid  an  ezcGM  of  the  latter.  Or  by  diiwolring 
€  parts  of  green  vitriol  and  <>  parts  of  ferrocyanuret  of  potassium  each  by 
itieif  in  15  parts  of  water,  mizinc  the  two  solutions,  and  thon  adding  to  them  1 
■art  of  concentrated  sulphuric  acid  and  24  parts  of  fuming  hydrochloric  scid  un- 
aar  coostant  stirring.    After  some  hours  the  whole  should  be  treated  with  a 


I 


i 


IT  aolution  of  1  part  of  bleachins-powder  in  80  of  water,  added  in  successive 
portiona,  care  being  taken  to  stop  the  addition  of  the  bleaching  liquid  as  soon  as 
aa  etrorreacence  arising  from  the  escape  of  chlorine  gas  is  observed.  After  stand- 
lag  aonie  hours,  the  precipitate,  should  be  tborouj^hly  wasliedt  and  dried,  either 
al  common  or  hi^h  temperatures.  Or  the  precipitate  may  be  treated  with  dilute 
ailric  acid  till  it  is  rendered  of  a  deep  blue  colour.    This  yields  the  finest  pro- 


1815.  Prussian  blue  dried  at  common  temperatures  is  a  light  po-  Properties, 
rous  body  of  a  deep  velvet-blue  colour;  dried,  on  the  contrary,  at 
kigh  temperatures,  it  has  a  deep  copper-red  colour,  but  the  powder 

•  For  other  ferrocyanorets  see  Ltebig  and  Tomer's  Etementt,  780. 

t  Hochsttitcr. 

t  For  detaib  of  the  manafaetare,  set  Ure^s  Did.  Arta  and  MwMnf.  1040. 
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18  blue ;  it  is  tasteless,  insoluble  in  water  and  dilute  acids,  and  k  not 
poisonous.  The  painter's  Prussian  blue  of  commerce  contains  wh 
able  quantities  of  earthy  matter.  When  heated  in  close  venek 
water,  hydrocyanic  acid,  and  carbonate  of  ammonia  are  eyolYed«nl 
carburet  of  iron  is  the  residue  ;  it  may  be  kindled  in  the  air  by  ■ 
red-hot  body,  when  it  bums  slowly  to  oxide  of  iron ;  it  it  decompoM 
by  fuming  nitric  acid,  but  strong  sulphuric  acid  unites  with  it,  £»» 
ing  a  white  mass  of  the  consistence  of  paste.  Concentrated  hydi^ 
cyanic  acid  deprives  it  of  its  iron,  and  liberates  the  hydnv-ferrocjuv 
acid;  sulphuretted  hydrogen  whitens  it,  but  the  colour  retomi  a 
exposure  to  the  air ;  metallic  zinc  and  iron  have  a  similar  acdn. 
By  peroxide  of  mercury  it  is  decomposed  into  percyanuret  of  no^ 
cury,  and  an  insoluble  mixture  of  oxide  and  cyanaret  of  iron ;  \/f 
alkalies,  into  soluble  ferrocyanurets  and  peroxide  of  iron. 

1816.  In  reference  to  the  constitution  of  this  compound,  it  ii 
known  with  certainty  that  it  differs  from  all  other  ferrocTaomttt. 
It  contains  hydrogen  and  oxygen,  which  cannot  be  separated  withiit 
the  decomposition  of  the  compound,  so  that  it  must  bis  considered  if 
formed  by  the  union  of  hydro-ferrocyanic  acid  with  the  peraxidiflf 
iron  combined  without  reduction.  According  to  the  experimennflf 
Berzelius,  the  weight  of  the  iron  of  the  hydro-ferrocyanic  acid  is  tothtf 
of  the  oxide  as  3  :  4 ;  from  this  it  may  be  concluded  that  its  Ibm^ 
tion  is  owing  to  the  decomposition  of  3  eq.  of  ferrocyanuret  of  p^ 
tassium,  and  2  eq.  of  peroxide  of  iron,  into  6  eq.  of  a  potassa  sakiid 
into  Prussian  blue. 

2fI^+Jo  }  =-(3Cfy+2Fe.)-H6KO. 

1817.  Prussian  blue  becomes  white  in  the  direct  rays  of  tbeisB, 
and  cyanogen  is  evolved  ;  but  in  the  dark  it  absorbs  oxygen  and  ir- 
covers  its  colour.*  This  change  of  colour  in  substances  dyed  vilk 
Prussian  blue  in  solar  light,  arises  from  a  peculiar  decompositioB: 
the  recovery  of  the  colour  is  owing  to  the  formation  of  the  so<8]M 
basic  Prussian  blue. 

1818.  When  concentrated  solutions  of  the  salts  of  baryta,  stroolii. 
lime,  magnesia,  protoxide  of  iron,  protoxide  of  manganese,  coppo, 
&c.,  are  added  to  a  solution  of  the  ferrocyanurets  of  potassium,  whin 
bulky,  frequently  crystalline,  precipitates  are  formed,  which  iria 
from  the  replacement  of  1  eq.  of  potassium  by  1  eq.  of  the  tAe 
metal.  These  double  ferrocyanurets  which  contain  an  alkaline  ■t 
tal,  although  with  difficulty,  are  nevertheless  soluble  in  water;  tfaif 
contain  water  of  crystallization ;  when  dried  at  a  high  tempefsttw 
they  glow  with  a  brilliant  light,  and  cyanaie  of  potassa  is  formed-t 

1819.  Ferrocyanuret  of  Potassium  and  Iron  is  obtained  ii  lb 
form  of  a  bluish*white  precipitate  when  a  salt  of  the  protoxide  tlwn 
is  added  to  a  solution  of  the  ferrocyanuret  of  potassium.  I^ik 
action  of  chlorine  or  nitric  acid  3  eq.  of  potassium  and  1  eq.  Jim 
are  removed  from  3  eq.  of  the  compound ;  Prussian  blue  is  left,  t^ 
posed  to  the  air  it  absorbs  oxygen  and  becomes  blue  ;  when  waiM 
the  ferrocyanuret  of  potassium  is  dissolved,  and  after  all  soMh 
salts  are  removed  the  following  compound  is  left. 


*  CKef  rtul. 
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1820.  Bask  Setqui'ferroefanuni  of  Iron.    By  continued  washing  8tct  m. 
the  preceding  salt  dissolves,  without  leaving  any  residue  of  oxide  of  BaiicMt- 
iron,  to  a  beautiful  deep  blue  solution,  which  may  be  again  evapo-  qni-fc»w«|- 
rated  to  dryness  without  decomposition.     The  addition  of  any  saltirJ^. 
causes  the  separation  of  the  compound  ;  the  precipitate  may  be  re- 
dissolved  in  pure  water,  and  is  not  thrown  down  by  alcohol.^     The 
formation  of  this  soluble  salt  is  prevented  by  the  presence  of  a  strong 
ftcid,  which  unites  with  the  peroxide  of  iron,  and  Prussian  blue  is 
left. 

1921.  Ferrocyanuret  ofPoiassium — Sesquuferracyanuret  of  Iran.  F^nocyi. 
The  blue  precipitate  which  falls  when  a  salt  of  the  peroxide  of  iron  °,"7iTm^ 
is  added  to  a  solution  of  ferrocyanuret  of  potassium,  always  contains^ 
when  the  iron  salt  is  in  excess,  variable  quantities  of  the  ferrocyanu- 
ret of  potassium;  the  latter  may,  by  continued  washing  with  water, 
gradually,  although  with  great  difficulty,  be  removed,  which  ae- 
counts  for  the  constant  presence  of  potassium  in  the  Prussian  blue  of 
commerce ;  it  varies  from  2  to  9  per  cent.t 

1822.  Ferrocyanuret  of  Potassium — Ferrocyanuret  of  Zinc,  is  ob-  Perrocjra- 
tained  by  precipitating  any  sah  of  zinc,  which  is  free  from  iron,  by  "H'**®*^ 
ferrocyanuret  of  potassium,  and  then  washing  and  drying  the  preci- 
pitate.    It  is  a  white,  tasteless  powder,  is  insoluble  in  dilute  acids, 
and  contains  2  eq.  of  ferrocyanogen,  1  eq.  potassium,  3  eq.  of  zinc, 

and  12  eq.  of  water  =  2Cfy  +    \sZn\  "^  ^^  ^^'      ^  ^^"^   ^^^^ 
shows  the  presence  of  Prussian  blue.     It  is  used  in  medicine. 

1S23.  Ferrid'Cyanogen,     By  treating  a  solution  of  ferrocyanuret  Fwrid-eyt- 
of  potassium  with  chlorine  a  new  compound  of  potassium  is  formed,  ^^^^' 
ihe  radical  of  which  contains  twice  as  much  cyanogen  and  iron  as 
exists   in  ferrocyanogen.      It  may   be  called   ferrid-cyanogen  ;    it 
unites  with  3  cq.  of  hydrogen  and  forms  a  tribasic  acid. 

Its  formula  is  6Cy+2Fe ;  lymb.ssCfay  ;  e^.=214.34. 

The  formula  of  hydro-ferridcyanic  acid  la        -  -  Cfdy  +  3H 

forridcyanurat  of  potassium     -  -  Cfdy  +  3K 

ferridcyanuret  of  iron  (PruMian  blue)  Cfiiy  "f  3Fe 

1824.  Hydroferridcyanic  Acid  unites  with  metallic  oxides,  form-  Hjrdr»-fHr 
ing  water  and  a  metallic  ferridcyanuret ;  of  these  the  compounds  |[^4gny 
with  the  metals  of  the  alkaline  earths,  as  also  that  corresponding  to  metallic 
ihe  peroxide  of  iron,  are  soluble  in  water;  all  others  are  insoluble  ^udes. 

*  Two  eq.  forrocyaoaret  of  potassium  and  iron  coataia  I  eq.  of  ferrocyanuret  of  po- 
iBaaiiim  ami  3  eq.  of  ferrocranuret  of  iron  (6Fe+3Cfy) ;  of  these  6  eq.  of  iron,  8  are 
cooverted  ioto  peroxide  by  tne  absorptioD  of  oxygen,  and  the  ferrocyanuret  of  potassi- 
■B  is  dissolved ',  so  that  the  soluble  blue  compound  most  be  represented  by  the 

Avmula  <   p^^Q    I  +  3  Cfy,  which  corresponds  to  a  compound  of  I  eq.  of  Prussian 

'  "^M  and  1  eq.  of  peroxide  of  iron. 

t  If,  instead  of  the  salt  of  peroxide  of  iron,  the  ferrocyanuret  of  potassium  be  in  ex- 
~^  the  precipitate  is  likewise  blue,  but  it  is  a  mixture  of  Prussian  blue  with  s  com- 


■Mud  composed  of  Prussian  blue  and  ferrocyanuret  of  potaskaium  eq.  to  eq.  2Cfy+ 

v**  i  .    On  washing,  the  latter  is  dissolted,  giving  a  deep  blue  solution,  which  may 

ka  ofmporatad  without  deoompoeition,  when  it  is  obtained  as  a  deep  blue  mass  pos^ 
maad  of  a  strong  lustre-  It  is  precipitated  by  the  addition  of  a  salt  io  its  solution^ 
vftboot  however  losing  its  solobility  m  pure  watery  it  it  distinguished  from  the  iolu- 
Ms  basie  Praaaian  blue  by  being  piacipitaiad  from  its  aolotioo  by  alcohol. 


418 


Cyanogen  and  it$  Compaundi. 


Cb>p.VI. 
aortt  or 


^roptrtiti. 


Ptrnd-cyi^ 
Daretof 


iron* 


Tuniboll's 
blue. 


CoQftita- 
tum  of  the 
(errocyuQ- 
reu  toapr- 
dingto 
Benelias, 


According 
toGnihAm, 


in  water.     The  latter  may  be  prepared  by  the  mutual  decompontioa 
of  a  soluble  ferridcyanuret  and  the  corresponding  metallic  aalL 

1826.  Ferridcyanuret  of  Potamum.  K,Cfdy;  eq.  =33 1.79.  lb- 
covered  by  L.  Gmelin,  is  prepared  by  passing  a  stream  of  chkxiM 
gas  through  a  solution  of  ferrocyanuret  of  potassium,  until  it  bi 
longer  gives  a  blue  precipitate  with  salts  of  the  peroxide  of  iron;  tk 
solution  is  then  evaporated,  and  the  crystals  obtained  by  cooling  p- 
rified  from  the  admixture  of  chloride  of  potassium  by  re-cry8talh» 
tion.* 

1826.  They  are  transparent  right  rhombic  prisms  of  a  red  oobir 
and  high  lustre,  anhydrous,  permanent  in  the  air,  and  soluble  id  3jB 
parts  of  cold,  but  more  freely  in  hot  water ;  burn  when  held  in  tki 
flame  of  a  candle  with  brilliant  scintillations ;  heated  in  close  nt 
sels,  cyanogen  and  nitrogen  gases  are  evolved,  a  mixture  of  cariMitf 
of  iron  and  ferrocyanuret  of  potassium  is  the  residue.  The  aqoetM 
solution  is  decomposed  by  hydrochloric  or  sulphuric  acid  ;  in  tlie  Itft 
case,  sulphur  and  cyanuret  of  iron  are  precipitated,  and  ferrocyiBS- 
ret  of  potassium  and  prussic  acid  are  formed.  It  is  one  of  the  motf 
delicate  tests  for  the  protoxide  of  iron,  with  which  it  forms  a  prBdfi' 
tate  similar  to  Prussian  blue ;  peroxide  of  iron  is  not  precipitated. 

1827.  Ferridcyanuret  of  Iron.  This  compound  is  likewise  soU 
in  commerce  as  rrussian  blue,  but  it  is  of  a  lighter  colour  and  difin 
from  it  altogether  in  constitution.  It  is  prepared  by  precipiiati^ 
a  solution  of  the  protosulphate  of  iron  by  ferridcyanuret  of  potaiinift 
or  by  a  mixture  of  ferrocyanuret  of  potassium  and  hypochlorite  i 
soda,  to  whjch  a  certain  quantity  of  hydrochloric  acid  has  been  ad- 
ded. In  this  kind  of  Prussian  blue  the  three  equivalents  of  potsan 
um  of  the  ferridcyanuret  of  potassium  are  replaced  by  3  eq.  of  inn. 

1828.  The  peculiarly  beautiful  Prussian  blue  sold  in  commem 
under  the  name  of  TurnbuIPs  blue,  is  the  ferridcyanuret  of  iron ;  t 
is  easily  recognised  by  its  action  on  ferrocyanuret  of  potassium,  fa 
being  boiled  in  a  solution  of  the  latter  it  is  decomposed  into  fcrri^ 
cyanuret  of  potassium,  which  is  dissolved,  and  into  an  insolubleraj 
residue  of  ferrocyanuret  of  iron  and  ferrocyanuret  of  potassium.f 

1829.  According  to  Berzelius,  the  cyanurets  form,  by  uniting wdk 
each  other,  double  compounds  similar  to  the  double  salts,  which  ut 
produced  bv  the  oxacids;  in  these  compounds,  therefore,  1  e(|.tf 
cyanuret  of  iron  is  united  with  2  eq.  of  another  cyanuret,  the  tomit 
tution  being  such,  if  the  metals  be  considered  united  with  oxjgcn,0 
would  be  expressed  by  saying  that  the  oxygen  in  the  protoxiditf 
iron  is  equal  to  one  half  that  in  the  other  metallic  oxides. 

1830.  According  to  Graham,  the  ferrocyanurets  are  formed  Inai 
peculiar  acid,  the  eo.  of  which  is  triple  of  that  of  the  hydiULjMJf 
acid ;  it  contains  3  eq.  of  cyanogen,  which  constitutes  a  ndiol 
called  prussine  in  combination  with  3  eq.  of  hydrogen.  This  waiM 
accordingly  a  tribasic  hydracid  corresponding  to  the  cyaDoriead'i 
in  uniting  with  a  metallic  oxide  three  eq.  of  hydrogen  are  npltfrf 
by  their  eq.  of  the  metals. 


*  Its  formation  is  owins  to  the  decomposition  of  2  eq,  of  fcrrocjanimt  of 
2  CfT  +  4  K.  by  1.  eq.  of  chlorine  into  l  eq.  of  ferridersnuret,  Cfiiy  -f  S I 
of  chloride  ui  potassium,  KCI. 

t  Caabtll.    Fbr  CobaU^C^anur^U,  lee  T.  and  L.  Eltm,  rss. 
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1S31.  Chloride  of  Cyanogen,    Two  compounds  of  chlorine  with   fcct.HL 
CTRnogen  are  known,  and  these  are  isomeric  in  their  constitution.  CMoridt  of 
The  one,  which  at  common  temperatures  is  caseous,  was  discovered  Cyuogai. 
by  Gay-Lussac;  the  other,  which  is  a  crystalline  solid,  hy  Serullas. 

1832.  (jtueous  Chloride  of  Cyanogen,  CyCl  ?  is  formed  when  Gmtcoat 
chlorine  gas  is  transmitted  into  hydrated  prussic  acid,  when  moist  ^^JlJ^^^^ 
bkyanuret  is  placed  in  an  atmosphere  of  chlorine  in  the  dark,  or 

when  mellon  is  heated  in  dry  chlorine  gas* 

1833.  This  compound,  which  is  gaseous  at  common  temperatures,  Pn>P«rtiM. 
has  a  most  powerful  penetrating  odour,  excites  the  eyes  to  a  copious 

flow  of  tears,  hecomes  solid  at  0°,  and  forms  long  acicular  needles, 
which  fuse  at  F  and  boil  at  10^ ;  hut,  under  a  pressure  of  four  at- 
mospheres, it  is  still  liquid  at  70.**  If  the  liquid  he  introduced  into 
glass  tubes  and  hermetically  sealed,  it  is  gradually  converted  into 
the  solid  chloride,  and  regular  crystals  of  the  following  compound 
are  obtained. 

1834.  Water  dissolves  25,  alcohol  100,  and  ether  50  times  its  vo-  Action  of 
lame  of  the  gas  without  change.  It  is  decomposed  by  the  alkalies ;  ^*^  *^ 
Hilts  of  the  protoxide  of  iron  are  rendered  of  a  deep  green  colour 

when  an  alkali  is  added  to  the  mixture. 

1835.  If  moistened  bicyanuret  of  mercury  in  chlorine  gas  be  ex-  Of  lifht 
posed  to  solar  light,  a  heavy  oily  liquid  of  a  yellow  colour  is  formed, 
which  is  insoluble  in  water,  and  has  the  same  odour  as  the  gaseous 
ebloride  ;  the  same  substance  appears  to  be  formed  by  the  action  of 
shiorine  upon  the  fulminate  of  silver.     If  it  be  dissolved  in  alcohol^ 

and  its  solution  thrown  into  water,  a  crystalline  substance  like  cam- 
phor is  precipitated  ;  on  exposing  a  mixture  of  moist  chlorine  and 
chloride  of  cyanogen  gases  to  the  sun's  rays,  two  other  solid  com* 
pounds  appear  to  be  formed. 

1836.  Solid  Chloride  of  Cyanogen.  Discovered  by  Serullas.  It  ^*j*|^J^***"^ 
is  formed  by  exposing  dry  chlorine  gas  and  anhydrous  hydrocyanic  nomo.^^* 
acid  to  the  sun's  light;  hydrochloric  acid  and  the  solid  chloride, 

which  is  deposited  in  crystals,  are  formed.  It  may  also  be  formed 
by  heating  sulphocyanuret  of  potassium  in  a  stream  of  dry  chlorine 
gat. 

1837.  In  the  pure  state  it  is  white,  sublimes  in  long  transparent  PropcrtMi^ 
Cfjstals,  has  a  penetrating  odour  similar  to  the  excrement  of  mice, 

and  a  sweet  biting  taste ;  its  sp.  gr.=1.32 ;  fuses  at  284^,  sublimes 
it  374^.  By  digestion  in  water  at  a  gentle  heat,  it  is  decomposed 
into  cyanuric  and  hydrochloric  acids,  from  which  its  constitution 
Biiist  be  represented  by  the  formula  GV|G1|.  It  is  soluble  in  absolute 
deohol  and  ether  without  decomposition. 

1838.  Iodide  of  Cyanogen.  Cyl.  Formed  by  heating  dry  cyanuret  Iodide  of 
af  mercury  or  silver  with  iodine  ;*  most  conveniently  by  heating  a  *'*"^*'^'' 
Hiizture  of  bicyannret  of  mercury,  iodine,  and  water,  in  a  retort,t 

whan  at  a  gentle  temperature  the  iodide  sublimes,  and  collects  in 
iha  neck  of  the  retort  as  a  fine  crystalline  snow,  or  in  long  needles. 
The  crystals  have  a  penetrntinff  odour,  which  excites  a  flow  of  tears, 

be  dissolved  in  alcohol,  ether,  and  water  without  decomposition, 

are  perfectly  volatilized  at  100^. 

*  Wohkr.  t  MitscKwUdi. 
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1839.  Cyanogen  and  Sulphur. — Sulphthcyanogen^  Brndphtnt  ef 
Cyanogen.  Cy-|-2S,  Symb.=G8y  ;  eq.=58.59.  l)i8COYered  tnp  lit- 
big.    Prepared  by  saturating  a  coDcentrated  solution  of  a  metalucnl- 
phocyauuret  with  chlorine,  or  by  heating  it  with  nitric  acid  ;  it  lalbii 
the  form  of  a  deep  yellow,  amorphous  powder,  which  retaias  ittcolou 
when  dry ;  is  light,  porous ;  is  insoluble  in  water,  alcohol  and  etho, 
but  is  dissolved  by  strong  sulphuric  acid  from  which  it  is  precipitald 
by  water.  It  is  decomposed  by  nitric  acid  and  by  potasBium  with  thetid 
of  heat,  giving  rise  to  the  formation  of  the  sufpburet,  cyanaiet,  wsi 
sulphocyanuret  of  potassium.     Its  decomposition  by  the  action  tf 
heat  is  peculiarly  remarkable,  the  products  of  its  destructive  distills 
tion  being  sulpburet  of  carbon,  sulphur,  and  the  residue  mello^ 
which  at  a  high  temperature  is  decomposed  into  nitrogen  and  cyas^ 
gen  gases. 

1S40.  Hydro^stdphocyanic  Acid.  Csy-|-H,  eq.  59.53.  Discof» 
ed  by  Rink.  Occurs  in  the  seeds  and  blossoms  or  the  Crucifene  (St- 
napis,  &cj,  and  in  the  saliva  of  man  and  sheep. 

1841.  By  decomposing  the  basic  sulphocyanuret  of  lead  by  dibli 
sulphuric  acid,  care  being  taken  to  leave  some  lead  in  the  solatisi, 
which  is  afterwards  separated  by  hydrosulphuric  acid  gas;  or  by 
decomposing  sulphocyanuret  of  silver  in  10  volumes  of  water  by  ihf 
same  gas. 

1842.  A  colourless  fluid  of  a  pure  acid  taste,  which  by  the  acii« 
of  the  air,  and  on  being  heated,  readily  decomposes  into  a  varietjflf 
products ;  one  of  these  deposits  itself  from  the  acid  as  a  lenum-yit 
low,  in  water  insoluble,  powder.  It  cannot  exist  withoat  water;  m 
treating  the  aqueous  acid  with  chlorine  or  nitric  acid,  it  is  depritrf 
of  hydrogen,  and  sulpho-cyanogen  is  precipitated :  by  a  further  a» 
tion  cyanic  and  sulphuric  acids  are  formed,  but  the  former  is  atoan 
decomposed  into  carbonic  acid  and  ammonia.  It  colours  the  salnef 
peroxide  of  iron  blood-red,  and  is  not  poisonous. 

1843.  Hydro-sulphocyanic  Acid  and  Ammonia —  Sulphocyanunt  d 
Ammonium,  NHf-f-CyS,;  eq.=:75.74.  By  saturating  the  idi 
v/ith  ammonia  and  gently  evaporating,  a  semi*duid  saline  roasiii 
obtained,  which,  at  a  higher  temperature,  suffers  a  peculiar  decoB* 
position.  At  first,  ammoniacal  gas  is  evolved,  then  sulpburet  d 
carbon,  and  at  last  the  protosulphuret  of  ammonium  is  subUmei 
The  residue,  when  the  heat  has  not  been  driven  too  far,  consislirf 
melam,  or  of  a  mixture  of  melam  with  meilon. 

Sulphocyanuret  of  ammonium  is  also  formed  by  adding  salphoitf 
of  carbon  to  alcohol,  which  has  been  saturated  with  ammonia. 

1844.  Metallic  sulphocyanurets.  The  hydro-sulphocyanic  wi 
must  be  considered  as  a  compound  analogous  in  its  coDstitutioa  * 
the  hydrated  cyanic  acid,  the  oxygen  of  the  latter  having  beet 
replaced  by  its  equivalent  of  sulphur.  Considered  as  a  hj^ndl 
the  formula  of  the  hydrated  cyanic  acid  would  be 

CyOg-l-H,  corresponding  to  that  of  the  hydro-sulpha 
cyanic  acid,     CySg+H. 

On  its  being  brought  into  contact  with  the  metallic  oxides,  tht 
hydrogen  is  replaced  by  1  eq.  of  the  metal.  The  soluble  mtfaOK 
sulphocyanuret  may  be  formed  : — ^by  the  action  of  the  acid  on  tW 
metallic  oxide,  by  heating  the  higher  sulphurets  of  the  allodioe  o^ 


rediieM  in  cytnog^a  gas,  or  by  cooduciing  cyanogen  gas  into    8*o.iii. 
lolution,  by  boating  or  fusing  the  soluble  metallic  cyanurets 
ulpbur,  or  the  insoluble  cyanurets  with  the  soluble  sulphuret. 

5.  The  soluble  metallic  sulphocyanurets  colour  the  salts  of^P^'J^^ 
de  of  iron  blood-red ;  are  decomposed,  when  heated  in  dry  metanic^ 
:hloric  acid  gas,  into  metallic  chlorides  and  anhydrous  hydro-  ■olpboeya- 
»cyanic  acid,  but  the  latter  instantly  decomposes  into  other  pro-  "°'*^- 

The  sulphocyanurets  of  the  alkaline  metals,  when  dry,  bear 
)g  heal  without  decomposition,  but,  if  oxygen  be  present,  they 
mrerted,  with  the  evolution  of  sulphurous  acid,  into  salts  of 
t  and  sulphuric  acids;  those  of  the  hesTy  metals  are  decom- 
by  the  red  heat  into  mixtures  of  metallic  sulphurets  and  mol- 
lis change  being  generally  accompanied  by  the  evolution  of 
iret  of  carbon  and  sulphur ;  at  a  higher  temperature  the  resi- 
rolves  cyanogen  and  nitrogen  gases  in  the  proportion  of  3  :  1. 
i  to  redness  in  chlorine  gas,  they  give  rise  to  metallic  chlo-  A|;^^  ^ 
mellon,  chlorides  of  sulphur  and  cyanogen,  and  a  small  quan-  ^"°^' 
the  sulphuret  sublimes  unchanged ;  they  are  most  of  them 
3  in  alcohol.  The  proto-salts  of  mercury  are  decomposed  by 
luble  sulphocyanurets  into  metallic  mercury  which  is  deposi- 
id  into  the  soluble  bisulphocyanuret.  All  the  soluble  sulpho- 
rets  form  with  the  bicyanuret  of  mercury  double  compounds, 
are  readily  obtained  in  crystals. 

6.  Sulphocyanuret  of  Potassium.  KCsy ;  eq.  97.74.  Fer-  »nlphocy«. 
luret  of  potassium,  gently  roasted  to  drive  off  water  of  crystal- ^u^an. 
n,  is  mixed  in  the  form  of  a  fine  powder  with  half  its  weight 

^ers  of  sulphur,  and  the  mixture  fused  in  an  iron  vessel  at  a 
d  heat,  until  the  bubbles  of  gas  which  escape  through  the 
1  mass  infisme  in  the  air  and  burn  with  a  red  light.  The  mass 
cold  is  dissolved  in  boiling  water,  and  treated  with  a  solution 
x>nate  of  potassa  as  long  as  a  turbidity  is  produced  ;  the  whole 
I  boiled  for  a  quarter  of  an  hour,  and  the  clear  liquid  separated 
be  precipitated  iron  by  filtration.  On  evaporation  crystals  are 
ed,  which  are  separated  from  the  admixture  of  carbonste  of 
a  by  being  re-dissolved  in  alcohol. 

7.  Crystallizes  in  long  striated  colourless  prisms,  which  are  Properties, 
rous,  of  a  cooling,  somewhat  biting  taste,  fose  much  below  the 

tat  to  a  clear  liquid  ;  deliquesces  in  a  moist  atmosphere,  very 

» in  hot  alcohol,  from  which  it  crystallizes  on  cooling.* 

B.  Cyanog9n  and  Water.     A  solution  of  cyanogen  in  water  ^f^°^^  ^^ 

es  rapidly  in  the  light,  but  more  slowly  in  the  dark,  a  brown  p^jti^^r 

,  and  a  brown  flocculent  precipitate  falls  ;  the  solution  is  then  cyawofen 

to  contain  carbonic  acid,  prassic  acid,  ammonia,  urea,  and  ox-"°^^^ 

^       •  com* 

H  ammonia.!  pounds. 

9.  The  different  products,  which  arise  from  the  reaction  of  cysnogmi 

ipen  and  water,  are  without  doubt  the  results  of  several  perfectly  ciMi  watar. 

mdent  decompositions.     One  eq.  of  cyanogen  and  3  eq.  water 

n  the  elements  of  1  eq.  of  anhydrous  oxalate  of  ammonia  ;  2 

inogen  and  1  eq.  water,  the  elements  of  1  eq.  of  cyanic  and  1 

hydrocyanic  acid.     Carbonate  of  ammonia  is  formed  from  the 
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cii>p«  n.  decomposition  of  cyanic  acid,  and  three  equivalents  of  water ; 

by  the  union  of  cyanic  acid  with  ammonia  and  water. 

CymofHceD        1850.  Cyanogen  and  Ammonia,    If  cyanogen  gas  be  coodQCtal 

aod  ammo-  iQto  liquid  ammonia,  a  decomposition  similar  to  that  prodaoed  \j 

*^  water  ensues,  but  in  a  much  shorter  time.     A  large  quantity  rfs 

brown  substance,  which  contains  ammonia  in  chemical  combiDatHii, 

is  deposited. 

By  heating  this  brown  precipitate  to  redness,  paracjranogen, 
and  carbonate  of  ammonia  are  obtained ;  this  decomposition  is 
dily  explained,  when  it  is  considered  that  this  product  may  be 
sidered  as  a  compound  of  cyanogen  (C4NS)  with  ammonia  and  cyuie 
acid ;  the  latter  of  which,  by  decomposing  with  3  eq.  water,  foml 
eq.  of  carbonic  acid  and  1  eq.  of  ammonia. 
Piiracyan-        1851.    Paracyanogen,     Discovered  by  Johnston.      Formed  hf 
^'S^'         heating  to  redness  the  brown  precipitate  formed  by  the  decorapish 
tion  of  cyanogen  with  water  or  ammonia;  left  in  small quantiq^a 
decomposing  bicyanuret  of  mercury  in  a  retort  by  heat.* 
Cjraiiilic  1852.  Cyanilic  Acid.     By  a  long-continued  boiling  of  melkaii 

dilute  nitric  acid,  a  solution  is  effected  with  the  evolution  of  gatSM 
products,  and  the  liquid  yields  on  evaporation  colourless, transparoi, 
octohedral  crystals ;  by  resolution  in  hot  water,  hydrated  cyasiic 
acid  in  soft  tebular  crystals  of  a  mother-of-pearl  lustre  are  obcaiad. 
This  acid  has  the  same  composition  as  the  crystalline  cyanune  add; 
contains,  like  the  latter,  4  eq.  water  of  crvstalltzation,  which  it  Ion 
at  212^y  when  it  becomes  opaque  and  falls  to  a  white  powder.  Bf 
the  destructive  distillation  it  is  converted  into  hydrated  cyanic  idl; 
by  solution  in  sulphuric  acid  and  caustic  potassa  into  cyanuric  tdi 
Cyanogen  1853.  Cyanogen  and  Hydrosulphunc .  Acid.  CyaS,H«-(~1' 
and  hydro-  Two  compounds  of  cyanogen  and  hydrosulphuric  acid  are  koowi. 
III^S, ""°  neither  of  which  are  formed  when  the  gases  are  mixed  in  a  dry  stife. 
but  are  generated  by  the  direct  combination  of  the  gases  when  mm 
is  present.  The  one  discovered  by  Gay-Lussac  is  obtained  by  mil' 
ing  one  volume  of  cyanogen  with  one  and  a  half  volume  of  salpk** 
retted  hydrogen,  a  small  quantity  of  water  being  present ;  bothik 
gases  are  absorbed  by  the  water,  and  on  evaporation  it  deposits  Ifff 
yellow  acicular  crystals,  a  solution  of  which  is  not  precipitated  bf 
salts  of  lead.  The  other  compound  was  discovered  by  Wohler- 
Prepared.        It  is  prepared  by  conductinjg;  sulphuretted  hydrogen  into  a  aaturaled 


cyanogen  in  alcohol,  by  which  the  latter  it  rendered  yelloir,  and  on  bcii^  ai^ 
ciallv  cooled  depoeits  this  compound  of  cyanogen  and  aulphurvtted  hydiyss 
bright  orange-red  crystals. 

Propertiet,      1854.  Insoluble  in  cold,  slightly  soluble  in  boiling  water.    Ttff 

soluble  in  hot  alcohol,  from  which  it  may  again  be  obtained  ia  op 

tals ;  soluble  by  alkalies  in  the  cold,  and  precipitated  uncbangedta 

the  solution  by  acids  ;  but  on  the  application  of  heat  a  miitureflfi 

metallic  sulpburet  and  a  sulphocyanuret  is  formed  ;  its  solatioapB* 

cipitates  salts  of  silver,  lead,  and  copper. 

Hydrosnl-        l^^-  Hydro-sulphocyanic  Acid  and  Hydrondphurie  AeH    K^ 

phocyanic   covered  by  Zeise.     Prepared  by  saturating  1  volume  of  Afttf 

bydrosai.    ^'cohol  at  the  temperature  of  50   with  ammoniacal  gms,  and  adiiV 

pnnricacid.  ■■ 

*  For  prodocts  of  the  decomposition  of  aiilphoeyaoofni  aeUoa  (IftS), 
nic  acid,  4m.  see  T.  and  L.  £tfm.  796. 
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solution  a  mixture  of  0.16  toI.  of  bisulphuret  of  caTboo,  aod  »tu  iv. 
•1.  of  alcohol ;  the  whole  should  be  placed  in  a  welUstopped 
vessel,  which  is  kept  perfectly  full  at  the  temperature  of  60^. 
}roducts  are  thus  produced,  of  which  the  one  is  a  compound  of 
nia  with  an  acid  formed  of  sulphuret  of  carbon  and  sulphuret- 
rdrogen;  this  ammoniacal  salt  separates  in  the  course  of  some 
as  a  crystalline  deposit,  and  the  residual  liquid  contains  ano- 
immoniacal  salt,  the  acid  of  which  may  be  considered  as  a 
»und  of  hydro-sulphocyanic  acid  and  hydro-sulphuric  acid. 


ON  IV.     Hypothetical  Compounds  of  Cyanogen  and  Carbonic 

Oxide. 

i6.  Under  these  compounds  the  uric  acid  and  the  products  of  ^p®*^**'" 
composition  are  described.     These  substances  are  distinctly  poumlt  of 
ited  from  all  known  bodies  by  their  chemical  relations ;  an  cyanoaeo 
lation  of  their  formation  can  only  be  developed  by  making  cer-  JJ^JSdlw. 
ypotheses,  of  which  the  assumption  that  they  contain  cyanogen 
arbonic  oxide  is  a  deduction  drawn  from  their  analyses.     The 
)unds  belonging  to  this  group  are  uril,  uric  acid,  alloxan,  al- 
Lin,  and  uramil.     (Liebig,  soi.) 

i7.  The  uril,  or  urilic  acid,  which  may  from  its  composition  be  U*^* 
ailed  the  cyan*oxalic  acid,  is  an  hypothetical  compound  of  ni- 
1,  carbon,  and  oxygen,  according  to  the  formula  GsNs04 ;  it 
be  considered  as  a  compound  of  cyanogen  and  carbonic  oxide 
|-4C0,  or  as  oxalic  acid,  in  which  the  oxygen  which  unites  with 
idical,  carbonic  oxide,  has  been  replaced  by  its  eq.  of  cyanogen. 

C9O9    -f-0  .        .        .        Oxalic  acid. 

2(C.20,-j-Cy)         .  Cyan-oxalic  acid, 

this  acid  be  represented  by  the  symbol  III,  the  compounds  are 
lented  by  the  formula  : 

Rational  formula.  Empirical  formula. 

8U1+1  eq.  urea  =  Uric  acid  s        C10N4  H4  O^ 

SUHOH^aq.  =  Alloxan  .        =        Cs  Ni  H4  Oi« 

2Ul+0+5aq.  =Alloxantin  .         s        Cd  Nt  Hs  Oio 

2UI-fleq.amro.42aq.  =Uramil  .        s        Ci  N3  Hs  Oi 

58.  Uric  Acid.  C,oN4H40e,  or  2  U1+(CA+2NH,).  Discover-  Uric  aod. 

Scheele ;  first  pointed  out  as  existing  in  the  excrement  of  snakes 
loquelin,  in  the  excrement  of  silkworms  by  Brugnatelli,  and  in 
larides  byRobiquet.  Is  a  product  of  secretion  of  all  carniTorous 
als,  of  birds,  and  of  many  insects ;  is  deposited  from  human 
t  generally  in  combination  with  ammonia,  as  it  cools,  as  a  yellow 
)wnish  powder ;  the  stone-like  concretions  in  the  joints  of  persons 
tring  under  gout  contain  uric  acid  in  combination  with  soda 
nmonia ;  it  is  the  basis  of  most  calcareous  deposits  in  the  hu* 
bladder.    The  semi-fluid  urine  of  serpents  and  birds  is  princi- 

composed  of  urate  of  ammonia.     The  guano  (the  decomposed  Goano. 
tment  of  aquatic  birds,  which  covers  the  surface  of  many  of  the 
ler  islands  of  the  South  Sea,  and  is  used  as  manure,)  is  also 
loaed  in  greater  part  of  urate  of  ammonia. 
60.  Urinary  calculi,  or  the  white  chalkOike  excrement  of  ser-  Praetia. 
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Properties. 


Product  of 


Chnp^VL  pents,  is  reduced  to  a  fine  powder  and  dissolved  in  asolntioaof 
caustic  potassa  by  boiling ;  the  solution  is  treated  with  hydroehlorie 
acid  in  excess,  boiled  for  one  quarter  of  an  hour,  and  the  precipiM 
well  washed.  It  is  obtained  perfectly  pure  by  decomposing  a  all- 
rated  boiling  solution  of  urate  of  potassa  by  hydrochloric  acid. 

1860.  Crystallizes  in  fine  scales  of  a  brilliant  white  coloarni 
silky  lustre,  is  tasteless  and  inodorous,  heavier  than  water,  almoM it* 
soluble  in  cold,  slightly  soluble,  in  small  quantity,  in  boiling  vttf ; 
the  solution  reddens  feebly  the  vegetable  colours.  It  is  dissoMkf 
concentrated  sulphuric  acid,  from  which  it  is  precipitated  by  mfer; 
in  strong  hydrochloric  acid,  it  is  somewhat  more  soluble  thaninpoi 
water. 

1861.  Exposed  to  the  destructive  distillation,  the  products  of  IJK 
^i^^[|^  decomposition  of  urea  are  obtained,  namely,  urea,  cyanuric  add,iil 

cyamelid  (the  insoluble  cyanuric  acid) ;  also,  hydrocyanic  iciii 
litle  carbonate  of  ammonia,  and,  as  a  residue,  a  brown  caibouacewi 
substance  which  is  rich  in  nitrogen.  In  this  decomposition  the  If 
drated  cyanic  acid  in  combination  with  ammonia  is  deposited  ii  if 
neck  of  the  retort  as  urea  ;  the  cyamelid  dissolved  in  potassa  km 
cyanurate  of  potassa. 
Action  of  1862.  Dissolves  in  dilute  nitric  acid  with  the  evolution  of  0fi 
mtncacld.  volumes  of  pure  carbonic  acid  and  nitrogen ;  the  solution  coalHi 
alloxan,  alloxantin,  parabanic  acid,  and  ammonia ;  evaporatetal 
treated  with  ammonia  in  excess,  it  acquires  a  parple-red  coioV|i 
test  by  which  uric  acid  may  be  recognised.  Fused  with  hydrateefp 
tassa,  carbonic  acid,  and  cyanate  of  potassa,  and  cyanuret  of  potiMi 
are  obtained  ;  boiled  with  peroxide  of  lead  in  water,  it  is  decompoiri 
into  allantoin  and  oxalic  acid,  andurea  is  separated.  Is  iDieMii 
in  ether  and  alcohol.  With  sulphuric  acid  it  forms  a  crysaHii 
compound.* 

1863.  Uric  Add  and  the  Metallic  Chides.  The  uric  acid  dmb 
to  unite  with  the  metallic  oxides  without,  as  in  the  other  acMiv 
separation  of  an  eq.  of  water;  its  salts,  with  the  fixed  alkaliaii' 
alkaline  earths,  are  sparingly  dissolved  by  cold,  but  more  freelf  If 
boiling  water;  with  ammonia  and  the  other  oxid€>8,  insoluble eo*' 
pounds,  generally  ofa  white  colour,  are  formed.  All  urates SR^ 
composed  by  other  acids  even  by  acetic  acid  ;  the  uric  acid  itaite 
separated  as  a  bulky  gelatinous  mass,  but  it  shortly  afterwards 
ges  into  a  fine  crystalline  powder. 

1864.  Urate  of  Potassa,     Impure  urate  of  ammonia  (the 
ment  of  serpents)  is  dissolved  by  boiling  in  a  dilute  solution  of 
tic  potassa ;  and  the  clear  liquid,  obtained  by  separating  the  i 
ble  portions  by  filtration,  is  evaporated.     On  cooling,  the  uaM^ 
potassa  separates  as  a  white  crystalline  masst  which,  when 
by  cold  water  and  dried,  yields  a  powder  composed  of  fine 
crystals  of  a  silky  lustre ;  these  crystals  are  very  sparingly  s 
cold  water,  and  the  alkaline  reaction  is  scarcely  perceptible,   tt 
acid  is  more  soluble  in  carbonate  of  potassa  than  in  pure  water;  iti 
one  half  of  the  carbonate  is  decomposed. 

1865.  Urate  of  Soda.    The  action  of  uric  acid  upon  put^d 
carbonate  of  soda  is  the  same  as  above  described  for  notaas:  v 


Uric  acid 
and  metal 
lie  oxides. 


Urate  of 
potaiia. 


Urate  of 
soda. 


-4 


^Friuscha. 


MIosm,  485: 

It  may  alto  be  formed  by  boiling  uric  acid  in  a  solution  of  borax;   8tci.iv. 
is  the  principal  constituent  of  gouty  concretions.* 

l^M,  AUanloin.   Ffe(|oently  called  allantoic  acid.     Occurs  ready  Allaotma. 
nned  in  the  allantoic  fluid  of  the  cow  ;t  it  is  formed  when  uric  acid 
boiled  in  water  with  peroxide  of  lead,  t 

<Me  (Nurt  of  uric  acid  is  boiled  in  20  parte  of  water,  and  recently  prepaied  and  Precast. 
iU-waabed  peroxide  of  lead  ia  added  in  aucceaaJTe  portiooa  to  the  ooiiinc  liquid 
long  aa  ita  colour  is  observed  to  cbaoge.  The  hot  liquid  should  be  filtered, 
id  aTaporated  until  crystals  are  obseived  to  form  upon  its  surface.  The  crya- 
b  which  have  deposited  when  the  solution  baa  become  quite  cold,  are  punned 
'  racfyatallization.  Or  the  allantoic  fluid  of  the  cow  may  be  evaporated  to  one 
■rtar  ila  Tolume,  and  the  crystala  funned  on  cooling  and  long  atanding  are  pu- 
iad  by  animal  charcoal. 

1867.  Small  transparent  and  colourless  prisms  of  the  right  rhom-  Propcrtiaa. 
c  system,  which  have  a  glassy  lustre,  are  tasteless,  have  no  action 
I  vegetable  colours,  and  are  soluble  in  160  parts  of  cold,  but  more 
raiy  in  hot  water.  It  is  soluble  in  nitric  acid,  and  is  decomposed 
f  it  when  the  solution  is  boiled  without  the  evolution  of  nitrous 
ones.  Its  composition  is  such,  that  it  contains  the  elements  of  an- 
fdrous  oxalate  of  ammonia  minus  3  eq.  water ;  this  explains  its  de- 
im position  by  the  alkalies,  by  which  it  is  reduced  at  the  boiling 
Ml  into  an  oxalate  and  ammonia. 

1668.  Gently  heated  in  concentrated  sulphuric  acid,  it  is  decern-  Action  of 
laed  into  carbonic  oxide,  carbonic  acid  and  ammonia  ;  but  if  a  strong  !^^l^. 
Mt  be  rapidly  applied,  the  acid  is  blackened.     It  is  soluble  in  caus-       ' 
I  mad  carbonated  alkalies  by  the  aid  of  a  gentle  heat,  and  may  be 
nin  obtained  unchanged  by  crystallization.     A  solution  of  aflan- 
in   in  hot  water,  to  which  a  little  ammonia  has  been  added,  pro- 
lees,  with  the  nitrate  of  silver,  a  white  precipitate,  which  contains 
1^  per  cent,  of  oxide  of  silver,  and  is  composed  as  represented  by 
le  formula,  GsNiHcOr^^AgO ;  it  consequently  contains  2  eq.  allan- 
10,  Ci^NtHcOb — 1  eq.  water,  H0-|*1  eq.  oxide  of  silver. 

1869.  In  the  decompoaition  of  uric  acid  by  the  peroiide  of  lead,  3  eq.  of  ozy-  Bipltinad. 
<■  derived  from  2  eq.  of  the  pemzido,  and  3  eq.  water,  attach  themnelveato  the 
oatituents  of  the  cyanozalic  acid,  by  which  the  latter  is  decomposed  into  S  eq. 
Blie  acid  and  1  eq.  allantoin,  and  the  urea  ia  aet  ftee. 

C4O4+N2C4      (  I  eq.  cyanozalic  acid  )      •  ^  ,   -^  ^-. 
2PbO^     OaVH'Oa^i  leg,  urea  }  =  ^  «q-  ""^^  «'d- 

;!  eq.  ozalate  of  lead+1  eq.  allantoin+1  aq.  urea. 

nibniula ia C4  Hj  Na Oi.  or  8 Cy+3HO. 

1870.  Alloxan,     The  erytbric  acid  of  Brugnaielli ;  rediscovered  AUuzaa. 
f  Wohler  and  Liebig.     One  of  the  products  of  the  decomposition  of 

lie  acid  by  nitric  acid. 

One  part  of  dry  uric  acid  ia  added  in  aucceaaive  portions  to  4  parts  of  pyp^^m 
tok  acid  of  sp.  gr.  1.45  to  1.5,  by  which  it  is  dissolved  with  effervea- 
■aa  and  the  prwluctton  of  heat;  the  production  of  a  high  temperatore 
Hi  be  avoided  as  moch  aa  poasible  by  artificial  cooling,  and  by  addina  the  uric 
ii  alowly.  Small  granular  crystals  of  a  strong  lustre  are  thus  formed,  and  by 
ijpvaa  the  whole  liquid  ia  converted  into  a  aoud  maas.  This  should  then  be 
aaad  in  a  glaaa  lunnel ;  and  after  the  fluid  parts  have  thua  drained  oflT,  it  sboold 
iipnad  upon  a  porous  tile,  where  it  ia  rendered  perfectly  dry.  It  ia  purifiad 
f  Bohitiufi  in  hot  water  and  recryatallixation. 

1871.  Oo  the  cooling  of  a  warm  but  not  perfectly  saturated  sola*  Propertita. 

•  Wollaston.  t  Vaaf^Ua  wd  Bavva.  t  WaMsr  aad  LMif. 
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Cyanogen  and  Ui  Compounds. 


Solubility. 


Action  of 
zine,4Dc* 


oi>«P  ▼'-  tibn  of  alloxan,  it  is  obtained  in  large  colourless  and  transpareotcry^ 
tals  of  the  right  prismatic  system,  and  of  a  strong  adamantine  Iosir; 
these  crystals  effloresce  rapidly,  losing  25  per  cent. =6  eq.  waltf, 
and  are  converted  when  gently  warmed,  with  the  loss  of  water,  iiH 
anhydrous  alloxan.  If  a  hot  saturated  solution  be  allowed  to  op 
tallize  in  a  warm  place,  anhydrous  alloxan  is  deposited  direcdy  tarn 
the  solution  in  oblique  prisms,  on  the  extremities  of  which  inmcttil 
rhomboidal  octohedrons  are  seen. 

1872.  It  is  very  soluble  in  water,  has  a  disas^reeable  odour,  asdi 
slightly  saline  astringent  taste,  reddens  vegetable  colours,  and  casM 
a  purple  stain  on  the  skin.  Treated  with  alkalies,  alloxanic  acid  ii 
formed ;  but  on  boiling  it  is  decomposed  into  urea  and  mesonb 
acid.  -  Heated  with  peroxide  of  lead,  it  is  decomposed  into  urea  ud 
carbonate  of  lead,  with  which  a  few  traces  of  oxalate  of  lead  iM 
mixed. 

1873.  When  brought  into  contact  with  zinc  and  hydrochloric  adi 
with  chloride  of  zinc  or  sulphuretted  hydrogen,  alloxantin  is  produesl; 
it  id  decomposed  by  free  ammonia  into  mykomelinic  acid,  by  nitric 
acid  into  parabanic  acid,  by  sulphuric  and  hydrochloric  acids  wm 
alloxantin,  by  sulphurous  acid  and  ammonia  iuto  thionurate  of  i» 
monia,  with  alloxantin  and  ammonia  into  murezid.  With  a  pnl» 
salt  of  iron  and  an  alkali,  it  forms  an  indigo-blue  tfolation.  Does  Ml 
unite  without  decomposition  with  the  metallic  oxides. 

1874.  The  formation  of  alloxan  and  the  other  productii  which  arua  at  ibcflM 
time,  IB  dependent  upon  two  perfectly  independent  decompoaitioiM;  bmm^ 
upon  the  converaion  of  cyanoxalic  acia  into  alloxan,  and  upcm  the  mirtnl  it 
composition  of  urea  and  hyponitroua  acid.  To  1  eq.  of  cyanoxalic  acid  are  wUd 
the  elementfl  of  4  eq.  water,  and  2  eq.  oxygen  from  1  eq.  nitric  acid,  faj  wbiekl 
eq.  alloxan  and  1  eq.  hyponitroua  acid  are  formed.  The  latter  combinciwil 
the  ammonia  of  the  urea,  and  liberates  cyanic  acid ;  the  hyponitriie  of  aooflii 
is  docom]>osed  by  heat  into  nitroaen  and  water,  and  the  cyanic  acid  with  irtM 
is  resolved  into  carbonic  acid  and  ammonia,  which  unites  with  the  fiae  wtk 
acid. 

Cyanoxalic  acid=C8N2      O4 
4  eq.  water  H4O4 

2  eq.  oxygen    O2 


Theory. 


Alloxanic 
add. 


1  eq.  alloxan   =    C9N2H4O10 

Urea  =C2N2H402 

Hyponitrous  acid=     N        O3 


C2N3H405=C20^+       Na-h        NH3+      HO 
Carbonic  acid.   Nitrogen.  Ammonia.  Wiia. 

It  frequently  happens  that  on  dissolving  the  impure  alloxan,  fa 
the  purpose  of  purifying  by  a  second  crystallization,  a  poftioiif 
alloxantin  is  obtained  ;  it  may  be  easily  separated  from  the  alloni' 
tin  by  cold  water.     (See  Alloxantin.) 

1875.  Alloxanic  Acid.  C,N,H,0|+3  eq.  DiacoTeivd  bj  Wiklv 
and  Liebig.  Produced  by  the  decomposition  of  alloxan  by  aObfe 
It  is  prepared  by  decomposing  alloxanate  of  baryta  by  sulphuric  wL 
A  strongly  acid  fluid  is  obtained,  which  by  gentle  emporatioB  ci|^ 
tallizes  in  radiated  groups  of  acicular  crystals;  it  is  a  bibasic  aoL 
dissolves  zinc  with  the  evolution  of  hydrogen,  is  unchanged  hjti' 
phuretted  hydrogen,  and  precipitates  the  salts  of  silver,  baryia.tf' 
lime.  The  anhydrous  alloxanic  acid  contains  the  constitueaB  d 
half  an  equivalent  of  alloxan  minus  1  eq.  water. 
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).  AHozanic  acid  neutralizes  the  alkalies  perfectly,  decom^    Beet.  !▼. 
he  carbonates,  and  forms,  when  neutralized  by  ammonia,  with  Allozmnic 
ts  of  silver  a  white  precipitate,  which  by  boiling  becomes  (irst  ^^^^  ^^ 
and  then  black,  the  change  being  accompanied  by  a  rapid  ef-  ^dei!^ 
ence  ;  treated  with  ammonia  in  excess,  it  produces  white  gela- 
precipitates  with  the  salts  of  lime,  strontia,  and  baryta  ;  but 
(cipitate  is  redissolved  by  a  large  excess  of  water,  and  readily 
tcid.     The  solutions  of  the  neutral  alloxanate  of  lime,  stron- 
d  baryta,  become  turbid  when  boiled,  the  bases  are  precipitated, 
ea  and  mesoxalic  acid  are  formed.* 

7.  Mesoxalic  Acid,  When  a  saturated  solution  of  alloxanate  of  Metonlic 
or  strontia  is  heated  to  the  boiling  point,  a  precipitate  falls  *^  ' 
ing  of  the  carbonate,  mesoxalate,  and  alloxanate  of  baryta  or 
1.  The  solution,  on  evaporation,  yields  a  crystalline  crust, 
rhich  urea  is  separated  by  treating  it  with  alcohol,  and  mesox- 
f  baryta  remains.  If  a  solution  of  alloxan  be  added,  drop  by 
0  a  boiling  solution  of  acetate  of  lead,  a  very  heavy  granular 
tate  ol  mesoxalate  of  lead  is  formed,  and  urea  remains  as  the 
ther  product  in  the  solution.  The  mesoxalic  acid  may  be  ob- 
by  decomposing  this  lead  salt  by  sulphuric  acid ;  it  is  a 
ly  acid  solution,  reddens  vegetable  colours,  and  forms,  like  the 
lie  acid,  on  the  addition  of  ammonia,  precipitates  with  the 
f  baryta  and  lime,  which  are  soluble  in  acids  and  a  large  ez- 
'  water  ;  it  may  be  boiled  and  evaporated  without  change.  Its 
on  the  salts  of  silver  is  characteristic ;  it  forms  with  them, 
eing  neutralized  by  ammonia,  a  yellow  precipitate,  which  on 
^ntly  healed  is  reduced  to  the  metal  with  a  rapid  cfTerves- 

The  aboTP^roentioned  lead  salt  yields,  on  analysis,  80.4  per  cent,  of  oxide  of  Analysis 
;  contains  a  slight  admixture  of  a  substance  containinc  nitrogen,  probably  andcompo* 

or  cyanurate  of  lead^  from  which  it  cannot  be  perfectly  purified.    The  sitioo. 
ition  of  the  load  salt  is  very  probably  expressed  by  the  formula  COH- 
in  which  case  its  formation  nrom  alloxan  and  alloxanic  acid  admits  of  a 
iplanation.    From  ]  eq.  alloxan  ]  eq.  urea  is  separated,  by  which  2  eq. 
orous  mesoxalic  acid  is  left. 

1  eq.  alloxan  =C8N2H40io 

•— 1  o<|.  urea  =C2N2H40t 

=!Jeq.  mesoxalic  acid    sCq  Og 

above-mentioned  mesoxalate  of  baryta  contains  66  per  cent,  of  btiryta, 
lich  its  constitution  is  probably  represented  by  the  formula  C3O4+  Z  ^q 

9.  Mykomdinie  Acid.     CSN4H4O5  ?     Discovered  by   Wohler  Mykoais- 
iebig.     Product  of  the  decomposition  of  alloxan  by  ammonia.    """^  ■*=***• 

[wepared  by  heatinc  to  213°  a  solution  of  alloxan  with  an  excess  of  ammo-  Process. 
D  neutralizing  with  an  excess  of  dilute  sulphuric  acid  and  boiling  (or  a 
lutes.    The  mykomelinic  acid  falls  as  a  yellow  gelatinous  precipitate, 
Iries  to  a  vellow  porous  powder ;  it  is  with  difficulty  dissolyed  by  cold, 
«  readily  oy  hot  water. 

3.  Its  solution  has  a  distinctly  acid  reaction  ;  it  decomposes 
rbonated  alkalies  and  is  easily  dissolved  by  the  caustic  alka- 
it  on  being  boiled  with  them  is  decomposed  with  the  evolution 
Donia ;  it  forms,  with  the  oxide  of  stiver,  a  yellow  compound, 

*  F6r  ABmrwiaiet,  see  T.  and  L.  110. 
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which  is  insoluble  in  water.    It  is  produced  by  the  decuiopMim  of 

1  eq.  alloxan  and  2  eq.  ammonia  into  1  eq.  mykomelinic  acid  audi 
eq.  water. 

1881.  Parabanic  Acid.  CiNs04-|-2  aq.  Discoirered  by  VfiUm 
and  Liebig.  Product  of  the  decomposition  of  uric  acid  and  aUoH 
by  nitric  acid.  Prepared  by  treating  1  part  of  uric  acid,  or  1  paitrf 
alloxan,  in  8  parts  of  pretty  strong  nitric  acid,  evaporating  lolhi 
consistence  of  a  syrup,  and  allowing  it  to  stand  for  some  time,  wka 
it  yields  colourless  crystals  which  may  be  purified  by  a  second  op 
taUization. 

1882.  Colourless,  transparent,  thin,  hexagonal  prisms ;  hM  t 
strong  acid  taste,  very  similar  to  that  of  oxalic  acid ;  is  very 
in  water,  does  not  effloresce  either  in  the  air  or  in  a  warm 
fuses  if  heated,  when  a  portion  sublimes  unchanged*  butanotberpHl 
decomposes  with  the  evolution  of  hydrocyanic  acid.  The  cold  nk^ 
lion  neutralized  by  ammonia,  produces  a  white  precipitate  ia  Ai 
salts  of  silver,  which  contains  70.62  per  cent,  of  the  oxide ;  wha 
treated  with  ammonia  it  is  converted  into  oxaluric  acid. 

1 883.  It  is  formed  by  the  decomposition  of  1  eq.  of  uric  sdi 
which,  by  the  addition  of  2  eq.  of  water  and  4  eq.  oxygen  froiDlki 
nitric  acid,  is  resolved  into  2  eq.  carbonic  acid,  1  eq.  parahaoic  scii 
and  1  eq.  urea  ;  the  latter  is  decomposed  as  before-ineDtiooed  br  Ai 
hyponitrous  acid.   One  eq.  alloxan  with  2  eq.  oxygen  is  resolved irii 

2  eq.  carbonic  acid,  4  eq.  water,  and  1  eq.  parabanic  acid. 

1884.  Oxaluric  Acid.  CeNaHa07-f-&q-  Discovered  by  WoklcrMi 
Liebig.     Produced  by  the  decomposition  of  parabanic  acid. 

Prepared  by  adding  dilate  iulphurio  or  bydrochlcnio  acid  to  a  i 
tioD  of  oxalurate  of  ammonia  in  not  water,  and  rapidly  cooling  the 
the  oxaluric  acid  falls  an  a  white  crystalline  powder;  thia  should  be 
cold  water  as  long  as  the  washing,  when  neatraJind  by  ammonia,  eausH  ^ 
the  salts  of  lime  a  precipitate  whicn  is  perfectly  redioolTttd  by  hnat,  «r  bj  ai^ 
ditional  quantity  of  water. 

1885.  It  is  a  white,  or  slightly  yellow  crystalline  powder  sf* 
acid  taste,  reddens  the  vegetable  colours,  and,  when  neuualiKikf 
ammonia,  forms  with  silver  salts  a  white  precipitate  which  u  f^ 
fectly  redissolved  by  boiling.  By  boiling  in  water  it  is  compMj 
decomposed  into  free  oxalic  acid  and  oxalate  of  urea* 

1886.  The  oxaluric  acid  is  formed  by  the  addition  of  2  eq.  water  to  tbecMa* 
tuents  of  the  parabanic  acid.    It  contains  further  the  elements  of  2  eqoiv  '      ' 
oxalic  acid  and  1  eq.  urea ;  it  may  be  considered  as  uric  acid  in  WHch 
noxalic  acid  has  been  replaced  by  the  oxalic  acid. 

1887.  Oxaluraie  of  Ammonia,  NH4O+GSN1H3O,,  may  be  kmi 

by  beating  a  solution  of  parabnnic  acid  with  ammonia,  or  moi«  md^9M^/0^ 
by  treating  a  recently  prepared  solution  of  uric  acid  in  dilute  nitric  Kid  «ii^> 
excess  of  ammonia  and  OTaporating.    The  liquid  acquirea  at  fint  a  Mrplaei 
which  disappears  during  the  evaporation,  and  if  allowed  lo  oool  wheaan' 
a  certain  degree  of  c4>ncentration,  it  depoaits  radiated  groupe  of  Kaid 
low  crystals ;  they  are  obtained  colourleaa  by  chareoal  andreeryemli 

1888.  The  oxalurate  of  ammonia  crystallizes  in  radiated  giMP 
of  fine  acicular  crystals,  which  have  a  silky  lustre,  and  aiv  mmf 
dissolved  by  hot,  but  with  difficulty  by  cold  water;  the  solatioaAp 
no  reaction  on  vegetable  colours,  and  may  be  boiled  and  evapfltfi' 
without  change ;  the  dry  salt  loses  no  weight  at  260",  but  at  a  fc%ktf 
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re  it  is  decomposed  with  the  rapid  erolution  of  hydroeya-   8tct.nr. 

Acids  separate  from  a  concentrated  solution  the  ozaluric 

rrystalline  powder. 

rhe  ozaluric  acid  forms  with  the  alkalies  very  soluble,  but  Oniario 

llcaiine  earths  sparingly  soluble  salts.     If  concentrated  so-  *^^^  ^^ 

ozalurate  of  ammonia,  chloride  of  calcium  or  barium  be  ^^^|^ 

h  each  other,  after  standing  some  time,  brilliant  transpa- 

!  or  needles  of  ozalurate  of  baryta  or  lime  will  be  deposited  ; 

of  the  latter  in  water  when  treated  with  an  ezcess  of  am- 

es  a  basic  salt  in  the  form  of  a  transparent  gelatinous  pre- 

rhich  is  redissoUed  by  a  lar^e  quantity  of  water. 

Thionurie  Acid,  C«NtH,Oi«Sfl.  A  bibasic  acid.  Discovered  Thmiwte 

T  and  Liebig.     Is  formed  by  the  action  of  sulphurous  *^^' 

llozan.     It  is  prepared  by  decomposing  the  thionurate  of 

ydrosulphuric  acid.     A  while  crystalline  mass,  is  perma- 

e  air,  and  readily  dissolved  by  water ;  of  an  acid  taste, 

vegetable   blues  strongly ;    its  saturated    solution,   when 

the  boiling  point,  congeals  to  a  semi-fiuid  crystalline  mass 

,  and  the  fluid  when  this  has  deposited  is  found  to  contain 

uric  acid. 

Fhe  thionurie  acid  contains  the  elements  of  1  eq.  allozan.  Theory. 

nonia,  and  2  eq.  sulphurous  acid  ;  the  uramil  may  be  con- 

\  a  compound  of  ammonia  with  allozan  minus  2  eq.  oxygen, 

nozalic  acid  with   1  eq.  ammonia  and  2  cq.  water.     On 

le  solution  of  thionurie  acid  2  eq.  oxygen  are  given  by  I 

n  to  the  2  eq.  of  sulphurous  acid,  which  is  thus  converted 

luricacid,  while  the  elements  of  cyanoxalic  acid,  ammonia, 

r  combine  to  uramil. 

Thionurie  acid  forms  with  the  alkalies  very  soluble  salts  ;  Thionurie 

alkaline  earths  either  insoluble  or  sparingly  soluble  salts,  Jl^^^fi"^ 

i  however  readily  dissolved  by  dilute  acids;  they  generally  ides. 

d  of  1  eq.  of  acid  and  2  eq.  of  the  metallic  oxide.  All  these 

ve  sulphurous  acid  abundantly  when  treated  with  concen- 

phuric  acid ;  when  fused  with  hydrate  of  potassa,  sulphite 

I  is  formed. 

Uramil'    C^NiHtOf;  eq.=  144.41.    Discovered  by  Wohler  Uramil. 

ig.     A  product  of  the  decomposition  of  thionurie  acid. 

itarmted  lolution  of  thionarate  of  ammonia  it  made  boiling  hot,  and 
d  with  hydroehloric  acid  till  it  baa  a  ■troDgly  acid  reaittion,  when  it  ia 
id  till  a  alight  turbidity  ii  obtenred,  and  allowed  to  cool  slowly  ;  or  a 
jrated  solution  of  the  same  salt  may  be  nixed  with  hydrochloric  or 
huric  acid,  and  then  kept  boiling  until  the  whole  is  converted  tf>  a 


oz- 


nasa.  It  is  obtained  in  a  plume-form  aggregation  of  fine  but  hard 
'  aa  a  fine  porous  powder,  coneiating  of  ^ne  needles  which  have  a 
I,  and  are  permanent  in  the  air,  but  acquire  a  pink  tint  when  heated. 

It  is  insoluble  in  cold,  but  taken  up  insmall  quantity  by  Properties, 
'ater ;  soluble  in  ammonia  and  the  caustic  alkalies  in  the 
Q  which  it  is  precipitated  by  acids  unchanged.  The  solu- 
raroil  in  ammonia  and  caustic  potassa  acquires  a  purple  co- 
xposure  to  the  air,  and  deposits  green  acicular  crystals,  of  a 
metallic  lustre;  if  boiled  in  the  caustic  potassa,  it  is  decom- 
to  unmilic  acid  with  the  evolution  of  ammonia.  It  is  solu- 
>ncontrated  sulphuric  acid^  from  which  it  is  again  precipi- 


430  Cyanogen  and  iU  Campminds, 

Chap.  VI.  tated  by  water ;  by  boiling  in  dilute  acids  it  sufllers  the  same  chufe 
as  in  caustic  potassa.  By  boiling  with  the  oxides  of  silver  and  aeh 
cury  it  is  converted  into  murexid*  and  the  oxide  is  reduced. 

Action  of        1895.  With  concentrated  nitric  acid  it  is  resolved  into  alloist. 

Ditric  acid,  ^j^j^  ^j^g  evolution  of  hyponitrous  acidi  and  the  formation  of 
of  ammonia.  The  above  decomposition  of  the  thionuraie  of 
nia  consists  in  the  separation  of  the  elements  of  2  eq.  of  saipbtlsrf 
ammonia.  Uramil  may  be  considered  as  uric  acid,  in  which  ihi 
urea  is  replaced  by  1  eq.  ammonia  and  2  eq.  water. 

J^^c         1896,  Uramilic  Acid.    C,6N,H,„0i,.   Discovered  by  Wohkr  ai 

Liebig.     A  product  of  the  decomposition  of  uramil. 

Prepan-  A  saturated  solution  of  thionurate  of  ammonia  in  cold  water  is  added  to  and 

tion.  quantity  of  sulphuric  acid,  and  the  mixture  evaporated  in  a  water-batb,  wknai 

uramilic  acid  is  slowly  deposited,  in  transparent  prisms  of  a  glaasy  lusttt.  Vi 
white  amorphous  deposit,  which  is  soluble  in  hot  water,  be  at  the  same  liat^ 
tained,  it  ansesfrom  the  presence  of  undecomposed  acid  thionurate  of  amiaoaii: 
this  is  again  dissolved  in  water  mixed  with  sulphuric  acid,  and  treated  as  kAa 

Properties.  1897.  Colourless  four-sided  prisms,  or  fine  silky  needles;  ii» 
luble  in  6 — 8  parts  of  cold,  and  in  3  parts  of  boiling  water ;  loses  ■ 
weight  when  heated  to  212^,  but  acquires  a  slightly  pink  cdotf; 
the  solution  has  a  feeble  acid  reaction.  It  is  soluble  in  concentnd 
sulphuric  acid  with  effervescence,  but  without  colouring  theidi 
By  boiling  in  strong  nitric  acid,  a  yellow  solution  is  obtained,  mUA 
yields  on  evaporation  white  crystalline  and  sparingly  soluble  scifa 
or  granular  crystals ;  they  are  dissolved  by  alkalies,  and  again  pi^ 
cipitated  by  acetic  acid.  In  its  formation  2  eq.  of  uramil  lose  Ai 
elements  of  1  eq.  of  ammonia,  which  are  replaced  by  3  eq.  of  wiK 

Salts  of  1898.  The  uramilic  acid  forms  with  ammonia  and  the  fixed  ib 

uramilic  ijgg  soluble  crystallizable  salts ;  lime  and  baryta  are  not  thrown  do« 
from  their  saline  solution  by  the  free  acid ;  but  on  the  additioarf 
ammonia  a  white  precipitate  is  formed,  which  again  disappears ifli 
large  quantity  of  water.  Uramilate  of  ammonia  produces  wiih  fli- 
trale  of  silver  a  dense  white  precipitate,  which  contains  from  63-M 
per  cent,  of  silver. 

AUozanUo.  1899.  Allozantin,  C^^^sOw\  eq.=162.26.  First  obsenvd  If 
Prout  as  a  product  of  the  decomposition  of  uric  acid  by  nitric  aeii; 
it  is  also  formed  by  the  action  of  chlorine  on  uric  acid,  as  likeM 
from  alloxan  by  the  action  of  deoxidizing  agents. 


p^  1900.  From  uric  acid :   one  part  of  uric  acid  is  added  to  32  parts  of  «M 

rrepara-  ^hid,  jg  brought  to  the  boiling  point,  and  theW  treated  with  dilute  nitric  wei'* 
successive  portions  till  a  perfect  solution  is  obtained ;  it  ahouid  then  be  cvip 
rated  to  two  thirds  of  its  volume,  when,  after  standine  for  aonoe  boors,  w  a  » 
crystals  of  alloxantin  will  be  deposited,  which  should  be  purified  by  rsajMr 
lization. 

From  alloxan :  it  is  obtained  in  laige  quantity  by  transmitting  a  sDim' 
hydroAulphuric  acid  gas  through  a  solution  of  alloxan,  when  first  snlphVtMl 
then  a  crystalline  mass  of  alloxantin  is  deposited;  it  is  aeparmted  froalkt^ 
phur  by  nolution  in  hot  water,  which  yields  by  evaporation  and  cooliaf  f^ 
crystals  of  alloxantin.  It  may  also  be  formed  by  adding  zinc  and  kiii^ 
chloric  acid  to  a  solution  of  alloxan,  but  here  an  excesa  of  acid  must  bcW 
fully  avoided  ;  or  by  boiling  alloxan  in  moderately  strong  aulphurir  acid, 
it  is  deposited  as  the  solution  cools.  If  a  soluUon  of  alloxan  be  cxj 
the  action  of  a  galvanic  battcrv,  oiygen  is  evolved  at  the  pOMtive  el 
while  the  negative  is  covered  with  a  crystalline  crust  of  alloxantin. 

Properties.       1901.  Short  oblique  four-sided  prisms  of  the  oblique  prisBft^ 
system,  the  obtuse  angle  of  the  prism  being  105*.     The  ciysttissf* 
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colourless,  or  have  a  slightly  yellow  tint ;  in  an  ammoniacal  atmos-  Beet.  !▼. 
pherc  they  become  red,  acquire  a  greenish  metallic  lustre,  and  are 
readily  reduced  to  powder ;  exposed  to  212°  they  undergo  no  change 
of  weight,  but  at  300°  lose  15.4  per  cent.=d  eq.  water;  sparingly 
soluble  in  cold,  more  freely  in  boiling  water.  The  solution  reddens 
litmus ;  is  converted  into  alloxan  by  being  warmed  with  nitric  acid, 
or  by  a  solution  of  chlorine  ;  forms  with  the  salts  of  silver  a  black 
precipitate  of  metallic  silver  ;  it  is  decomposed  by  alkalies  ;  barytic 
water  causes  a  violet-blue  precipitate,  which  is  first  rendered  colour- 
less by  heat  and  then  disappears ;  by  adding  an  excess  of  baryta  to 
this  solution  a  brilliant  white  precipitate  is  formed. 

1902.  If  a  solution  of  alloxan,  instead  of  being  left  in  contact  with 
zinc  and  hydrochloric  acid  at  common  temperature,  be  heated  to  the 
boiling  point,  and  kept  at  that  temperature  for  some  time,  it  deposits, 
on  cooling,  yellow  granular  crystals  of  a  brilliant  lustre  and  sparing 
solubility  in  boiling  water,  and  of  characters  essentially  diflbrent 
from  alloxantin. 

1903.  If  a  stream  of  hydrosulphuric  acid  gas  be  passed  through  a  Producu  of 
boiling  solution  of  alloxantin,  a  further  precipitation  of  sulphur  cn-^^®.^^°*' 
sues,  and  the  solution  acquires  a  strongly  acid  reaction  ;  if  neutralized  Si^xamin. 
by  carbonate  of  ammonia,  it  deposits  on  cooling  an  abundant  crop  of 

white  silky  acicular  crystals  of  an  ammoniacal  salt,  which,  when 
heated  to  212°  in  the  air, becomes  of  a  blood-red  colour;  its  compo- 
sition is  represented  by  the  formula  C^NsH^Orii  and  it  may  therefore 
be  considered  to  be  a  compound  of  cyanoxalic  acid  with  1  cq.  ammo- 
nia and  4  eq.  water.  The  acid  in  this  salt  appears  in  the  moment  of 
its  separation  from  the  ammonia  with  which  it  was  combined  to  be 
decomposed  into  a  variety  of  new  products.  It  is  proposed  to  call 
this  acid  the  dialuric  acid,  since  its  properties  appear  to  differ  from 
those  of  the  cyanoxalic. 

1904.  If  a  hot  saturated  solution  of  alloxantin  be  treated  with  a  so-  Action  of 
lutioD  of  sal  ammoniac,  it  instantly  acquires  a  purple-red  colour,  ^'"'"^"^* 
which  disappears  after  a  few  motnents,  while  the  solution  becomes 
tarbid,  and  deposits  brilliant  while  scales  of  uramil,  but  they  are 

pink  when  dried  ;  the  same  occurs  with  the  acetate,  the  oxalate,  and 
other  ammoniacal  salts ;  the  solution  contains,  after  the  dccomposi- 
tion^  alloxan  and  free  hydrochloric  acid. 

1905.  Two  c<|.  alloxantin  and  1  oq.  ammonia  contain  the  ulements  of  1  e(|.  f  heoir. 
ramil,  1  e(^.  alloxan,  and  4  ei|.  water.    I)y  heating  a  solution  of  alloxantin  in 
ammonia,  the  produotH  fintt  formed  arc  uramil  and  niykomclinulr  of  ammo- 


aboth  of  which  HufTcr  further  chancca  by  the  continued  action  of  ammonia 
the  atmoiphcric  air.    If  a  itolution  of  alloxantin  in  ammonia,  which  has 


mgti 
mmsMi 


prepared  m  the  cold,  bo  ttpontaneously  evaporated  by  cxpoKiirc  to  the  air, 
fgto  ii  alntort>cd,  and  crj'stala  of  the  oxalurate  of  ammonia  an;  obtained  :  3  eq. 
iDtin,  7  eq.  oxygen,  and  G  cq.  ammonia,  contain  the  elcnicntii  of  4  eq.  oxa- 
of  ammonia  and  5  eq.  water. 

1906.  If  oxide  of  silver  be  heated  in  a  solution  of  alloxantin,  a  por-  Action  of 
tioQ  of  the  former  is  reduced  with  effervescence,  and  the  solution  oxide  of 
contains  pure  oxalurate  of  silver.     In  this  reaction  3  eq.  oxygen  "l^cr- 
firwn  the  oxide  of  silver  decompose  1  eq.  alloxantin  into  1  eq.  water, 

Ssq.  carbonic  acid,  and  1  eq.  oxaluric  acid,  which  last  unites  with 
tone  undecomposed  oxide  of  silver. 

1907.  Murexid.     CuNiHiOa;    eq.= 197.19.     The  purpuraie  ofvLoitjid. 
discovered  by  Prout. 


4S2  Cyanogen  and  U»  Compounds. 

ciMp.  Vl.  By  iMAting  a  mUtara  of  etqaal  parti  of  perozidt  of  meicary  aad 
^j~~~  in  3d— 40  parts  of  water,  with  the  addition  of  an  excoadingly  amall  qoanii^  tf 
^^^  *  ammonia ;  ai  soon  as  the  liquid  has  acquired  a  deep  puiple  colcur,  it  ii  fihMi 
and  allowed  to  rest,  when  tne  murezid  crystallizes;  or  by  duaolTinf  waHilly 


the  aid  of  beat  in  ammonia,  and  when  the  solution  has  coolod  to  16(F, 
added  until  a  very  slight  alkaline  reaction  is  observed. 

Or  a  solution  of  uric  acid  in  dilute  nitric  acid  is  evaporatad  until  it  aoflnnii 
flesh-red  colour,  when  it  is  allowed  to  cool  to  KK)^,  nod  is  then  tnatod  «riAi 
dilute  aaueous  solution  of  ammonia,  till  the  presence  of  free  ammoniiiii 
marked  oy  the  odour ;  the  solution  is  then  diluted  with  half  its  vohiaBoi  "^  ** 
water,  and  allowed  to  cool.* 

Or  a  boiling  saturated  solution  of  allozantin  in  water  is  treated 
in  excess  till  the  precipitated  uramil  is  redissolved,  when  a  aolutioo  of  alkaib 
added,  so  that  only  a  uigfat  alkaline  reaction  is  left,  and  the  mrhoJe  is  aUsvilli 
cool. 

Or  by  heatina  alloxantin  with  sal  ammoniac  or  oxalate  of  unniooiai  aadilB 
the  formation  of  uramil  adding  ammonia  till  the  former  is  redissolved,  ni  i 
alloxan.    Murexid  may  be  formed  by  a  number  of  other  procewes,  by ' 
together  many  of  the  products  of  unc  acid  with  ammonia,  with  or  ml 
presence  of  atmospheric  air. 

Theory.  1908.  When  the  oxygen  from  1^  eq.  of  peroxide  of  meicnji 

added  to  2  eq.  uramil,  they  may  give  rise  to  the  formation  of  li| 
murexid,  1  eq.  alloxanic  acid,  and  3  eq.  water.  Alloxan  appcmli 
have  the  same  action  upon  a  solution  of  uramil  in  ammonia  as  lb 
peroxide  of  mercury.  One  eq.  alloxan,  2  eq.  alloxantin,  and  4  fl( 
nmmotiia,  contain  the  elements  of  2  eq.  murexid  and  14  eq.  wmtL 
The  solution  of  uric  acid  in  dilute  nitric  acid  contains  unoaalf 
alloxantin,  urea,  and  nitrate  of  ammonia  :  evaporated  until  the  uik 
red  colour  appears,  a  portion  of  the  alloxantin  is  con  verted  by  the 
of  free  nitric  acid  into  alloxan,  a  portion  of  which,  by  a  further 
gives  rise  to  para  bauic  acid.  But  when  alloxan  and  alloxantioarei 
taneously  present  in  a  solution,  an  excess  of  ammonia  produces  a  di^ 
purple-red  liquid  from  which  murexid  is  deposited.  If  the  soli 
contain  an  excess  of  alloxantin,  the  crystals  of  murexid  are 
with  uramil ;  with  an  excess  of  alloxan,  mykomelinale  of  ami 
is  formed,  which  also  falls  with  the  murexid.  The  parabanic  adi 
present  passes,  when  the  solution  of  uric  acid  is  saturated  widi  i^ 
monia,  into  oxaluric,  which  is  obtained  in  crystals  of  oxalanllrf 
ammonia  by  evaporating  the  mother-liquor. 

Properties.  1909.  Murexid  crystallizes  in  short  four-sided  prisms,  two  £■■ 
of  which,  like  the  upper  wings  of  the  canthnrides,  reflect  a  gma 
metallic  lustre.  The  crystals  are  transparent,  and  by  traaaoM 
light  are  of  a  garnet-red  colour.  It  forms  a  brownish-red  ps«te 
iVhich,  under  the  polisihing  steel,  acquires  a  brilliant  metallic  flM 
colour,  it  is  insoluble  in  ether  and  alcohol ;  sparingly  solsUt  il 
cold,  but  more  readily  in  boiling  water,  on  the  cooling  of  wUA^ 
crystallizes  unchanged  ;  insoluble  in  a  saturated  solution  of  cfll» 
nate  of  ammonia,  soluble  in  caustic  potassa  with  a  beaiuifal  wSfft 
blue  colour,  which  disappears  on  the  applicalion  of  heat  irilkli 
evolution  of  ammonia. 


*  Id  applying  this  method  of  preparation,  it  is  advisable  to  lest  s  smaU  ^ 
the  solution  of  uric  acid  from  time  to  time  by  sataratioe  it  with  ammoua :  if  'i* 
rendeied  turhid  by  the  anunooia,  and  a  red  powder  falls,  a  aaall  qoHlilf  sf  ■■■ 
acid  must  be  added  to  the  hot  solution  of  the  uric  aoid ;  hot  if  a  yellow  aliaf  ImI^ 
tate  be  formed,  the  solution  will  only  give  rise  to  the  Ibnnatioa  of  ■MHii/sias 
stream  of  hydrosnlphuric  add  gas  ho  besa  traassriltsd  tlMgh  it. 
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1910.  It  is  decomposed  either  in  the  solid  state  or  in  solution  by   8»ci.iv. 
all  the  mineral  acids,  with  the  separation  of  brilliant  scales  of  mu-  Decom- 
rexan ;  the  liquid  contains  ammonia,  alloxantin,  alloxan,  and  urea.  ?o»^* 
The  instant  the  murcxid  is  brought  into  contact  with  hydrosulphu- 

fie  acid  it  is  decomposed  into  alloxantin,  dialuric  acid,  and  murexan, 
with  the  separation  of  sulphur.  An  equivalent  of  alloxan,  alloxan- 
tin,  murexan,  and  urea,  together  with  2  eq.  ammonia,  contain  the 
elements  of  2  cq.  murexid  and  11  eq.  water. 

1911.  Mureian,    CiNaH^Og;   eq.= 109.02.    The  purpuric  acid  VLunimn. 
discovered  by  Front  as  the  product  of  the  decomposition  of  murexid. 
Prepared  by  dissolving  murexid  in  caustic  potassa  by  the  aid  of  heat, 
^irhich  is  applied  till  the  blue  colour  disappears,  when  dilute  sulphu- 
ric acid  is  added  in  excess. 

1912.  It  falls  in  crystalline  scales  of  a  silky  lustre  ;  is  insoluble 
in  water  and  dilute  acids,  but  is  taken  up  by  ammonia  and  the  fixed 
alkalies  in  the  cold  without  neutralizing  them.  It  is  dissolved  by 
concentrated  sulphuric  acid,  from  which  it  is  again  precipitated  un- 
changed by  water.  If  a  solution  of  murexan  in  ammonia  be  exposed 
to  the  air,  it  acquires  a  purple-red  colour,  and  deposits  the  brilliant 
crystals  of  murexid ;  with  an  excess  of  ammonia  the  solution  again 
becomes  colourless,  and  is  then  found  to  contain  oxalurate  of  ammo- 
nia. 

1913.  Two  eq.  murcxaoi  1  cq.  ammonia,  and  3  eq.  oxygen,  con-  Theory. 
taiD  the  elements  of  1  eq.  murexid  and  3  eq.  water ;  1  cq.  murexan, 

3  eq.  oxygen,  and  1  cq.  ammonia,  are  the  constituents  of  1  eq.  oxa- 
lurate of  ammonia. 

1914.  Uric  Oxide,  or  Xanthic  Oxide,  CaNjHaOa.  A  rare  consti-  ^"i®*jj!*' 
tuent  of  urinary  calculi ;  first  discovered  by  Marcet.  Sxide."'  ** 

1915.  Urinary  calculi,  which  contain  this  ingredient,  are  dissolved 
in  caustic  potassa  and  the  solution  saturated  with  carbi)nic  acid, 
when  the  uric  oxide  is  precipitated. 

1916.  A  white  precipitate ;  when  dried,  it  forms  a  pale  yellow  Propert***. 
hard  mass,  which  acquires  a  waxy  lustre  by  friction :  it  is  dissolved 

by  the  pure  and  carbonated  alkalies  ;  in  small  quantity  by  hot  water, 
hydrochloric  and  oxalic  acids.  It  is  soluble  in  concentrated  sulphu- 
ric acid  with  a  yellow  colour ;  no  precipitation  is  caused  by  the  ad- 
dition of  water  to  the  solution.  It  is  dissolved  in  nitric  acid  without 
•fiervescence  ;  on  evaporating  to  dryness,  a  lemon-yellow  residue  is 
leftp  which  is  not  reddened  by  ammonia,  is  partially  soluble  in  water* 
but  perfectly  and  easily  in  potassa ;  the  solution  has  a  light  reddish- 
jellow  colour,  and  leaves  on  evaporation  a  red  residue. 

1917.  Exposed  to  the  destructive  distillation,  it  evolves  an  odour  5*"\7^'*^ 
of  urine,  hydrocyanic  acid,  and  carbonate  of  ammonia,  but  no  urea.  '*  *'^* 
The  calculi,  which  contain  uric  oxide,  have  a  light  brown,  or  bright 

brown  surface ;  the  fracture  is  scaly,  of  a  strong  lustre,  and  also  of  a 
brown  or  deep  fiesh  colour ;  by  friction  the  lustre  becomes  resinous. 

1918.  Cystic  Oxide.  Discovered  by  Wollaston  ;  a  rare  consti-  Cvstic  Ox- 
tuent  of  urinary  calculi ;  an  organic  base.  '*''^' 

1919.  The  calculus  is  dissolved  in  aqueous  ammonia,  and  the 
fitered  solution  evaporated  in  the  air,  when  the  cystic  oxide  crystal- 

1920.  In  the  calculus  it  exists  as  a  yellowish-white  confused  crya« 
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Chip.  VII.  talline  mass  of  a  brilliant  lustre :  crystallizes  from  its  aolatioD  in 
.potassn,  on  the  addition  of  acetic  acid,  in  hexagonal  plates ;  bam 
ammonia,  in  white  transparent  scales.  It  is  decomposed  by  bstti 
with  the  evolution  of  sulphurous  and  ammoniacal  products  of  aBof* 
fensive  odour.  It  is  readily  dissolved  by  mineral  acids,  with  whiek 
it  forms  crystalline  compounds. 

Salt  of.  1921-  It  forms  with  hydrochloric  acid  an  anhydrous  salt  which  ii 

composed  of  1  cq.  of  the  base  and  acid.  The  salt  with,  nitric  acidii 
formed  of  1  eq.  of  acid*  1  eq.  of  base,  and  2  eq.  water,  the  half  rf 
which  is  separated  by  a  temperature  of  105**.  It  ia  soluble  in  Ai 
pure  and  carbonated  alkalies ;  but  if  the  solution  be  heated  itii^ 
composed  at  first  with  the  evolution  of  ammonia,  but  as  theevipon* 
tion  proceeds,  a  very  combustible  gas,  which  burns  with  a  blue  IuBi 
and  smells  like  sulphuret  of  carbon,  is  given  off.  The  occnrreoocflf 
the  cystic  oxide  is  so  rare,  that  it  is  impossible  to  institute  any  inm- 
tigation  of  this  remarkable  substance. 
According  to  the  analysis  of  Thaulow,  its  formula  is  CgNIUlA 

L.  828. 


CHAPTER  VII. 


Section  I.     Vegetable  Alkalies,^ 

Yegetibk        1922.  These  alkaline  bodies  have  been  discovered  since  the  yni 

alkalim.      1817,  and  their  number  is  daily  increasing.     The   most  impoM 

only  can  be  comprised  in  this  chapter.     Almost  all  plants,  which « 

remarkable  for  their  poisonous  or  medicinal  properties,  when  fl^ 

jected  to  a  chemical  examination,  have  been  found  to  cootaia* 

alkaline  principle. 

Precipiu-        1923.  It  has  been  found  that  all  the  vegetable  alkalies  are  pnei- 

todbytan-  pjtated  by  tannin,  or  infusion  of  nutgalls.     These  precipitates « 

usually  white  powders,  bitannates  of  the  alkali,   insoluble  in  oH 

water,  and  easily  decomposed  by  an  alkaline  or  earthy  base.    HmQ 

has  proposed  infusion  of  nutgalls  as  an  excellent  reagent  for  obB» 

ing  these  alkalies.     His  process  is  as  follows  : 

Di^^Bt  the  plant  containing  the  alkali  in  wann  water,  acidulated  with  hI^ 
ric  acid.  Neutralize  the  clear  liquor  bv  potaaaa,  and  add  a  coDcenmied  ■&■■ 
of  nutgalls  aa  long  aa  a  precipitate  fidli.  Separate  the  precipitate,  wvh  il«ii 
cold  water,  and  mix  intimately  with  a  alight  exceM  or  alaked  lime.  DfevAi 
mixture  over  the  vapour-bath  till  it  ia  reduced  to  powder.  Digeet  thii  pewivii 
alcohol  or  ether.  Filter,  distil  off  the  alcohol  or  ether.  Set  tSa  leaidiieafc^ 
aomo  days.    The  alkali  will  be  deposited  in  cryitab.1 

Howdis-        1924.  These  bodies  have  been  distinguished  by  names  termintfiiff 

tiDgaished.  \^  ^^  ^y^^^  ^^y  might  resemble  potassa,  soda,  and  ammonia,  and  Ai 

name  of  the  neutral  principles  with  which  they  are  aaaocimri  '^ 

vegetables  has  been  made  to  terminate  in  ine  or  tn.     Theyaieil 

compounds  of  carbon,  hydrogen,  nitrogen,  and  oxy^^n. 

*  The  materials  for  this  chapter  have  been  prindpallj  derived  fton 
Chan  fyf  Org,  Bodiea,  to  which  the  student  must  fit  refinred  far  the  d 
fluny  of  the  Itss  important  subatanees. 

iihwr,  de  Pkarm.  zzi.  2». 
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1926.  Cinchonia.  C»H„N01i*.  =  168.0,  was  detected  by  Pel-     Secu  i. 
letier  and  Caventou  in   ISQO,  in  the  gray  Peruvian  bark,  which  is  Cinchonia. 
considered  as  the  bark  of  the  cinchtma  nitida  or  the  cinchtma  conda' 
minea,  and  is  not  much  esteemed  for  its  medical  properties,     fiut 

there  is  reason  to  suspect  that  the  cinchtma  lancifdia  of  Loxa,  the 
most  celebrated  of  all  the  varieties  contains  the  same  principle. 

It  i  obtained  from  the  pale  bark  by  digesting  it  in  dilute  hydro- 
chloric acid,  precipitation  by  an  alkali  or  earth,  solution  in  alcohol 
and  crystallization.! 

1936.  it  crystallizes  in  prismatic  needles,  and  requires  2600  times  Crystalline 
its  weight  of  water  for  solution.     It  is  very  soluble  in  alcohol ;   has  J^^bility. 
m  bitter  taste,  is  not  altered  by  exposure  to  the  air.     Its  alkaline  pro- 
perties are  well  marked. 

1927.  The  salts  of  cinchonia  have  a  bitter  taste;  are  precipitated  Characters 
by  oxalates,  tartrates  and  gallates,  and  by  the  infusion  of  gal  I  nuts.  ^^  ^^  *^^*' 
It  combines  with  acids  forming  neutral  sails  and  disalts,  or  salts  com- 
posed of  two  atoms  liase  united  to  1  atom  acid.     t. 

192S,   Q?/i«/a.  C»,H,,NO,  ==  162.0.  In  1520  Pclletier  and  Caven- Quiaia. 
tou  pointed  out  the  alkaline  character  of  this  substance,  and  showed 
it  might  be  obtained  in  a  separate  statc.|     Since  that  period  sul- 
phate of  quinia  has  come  into  general  use  as  a  medicine,  and  has 
almost  superseded  the  use  of  bark. 

1929.  Quinia  may  be  extracted  from  the  yellow  bark  usually 
considered  as  the  cinchofia  cordifolia. 

The  bark  is  boiled  in  water  aridiilatcd  with  sulpliiiric  acid  :  the  solution  of  Process, 
•nlphatc  of  (|uinia  thus  formed  is  decomposvd  by  lime ;  sulphate  of  lime  is 
Ibrmed,  and  the  quinia  mixes  mechanically  with  it,  as  it  i^  pre<:ipitated.  Alcohol 
diMolves  the  quinia  nnd  leaves  the  sulphate  of  lime.  The  alcohol  hping  evapo- 
rated, the  quinia  is  pnicured  by  itself;  neutralized  by  dilute  sulphuric  acid,  and 
boiled  witli  animal  charcoal  to  destroy  the  colouring  matter,  a  solution  is  pro- 
cured, which  gives  cr}-stals  of  the  sulpnate  on  evaporation. 

1930.  As  sulphate  of  quinia  is  prepared  on  a  large  scale,  it  is  P*****,*!*? 
more  convenient  to  obtain  quinia  from  that  salt.     Nothing  more  is  g^ipbate. 
necessary  than  to  dissolve  the  sulphate  in  water,  and  to  mix  the  so- 
lotion  with  a  dilute  solution  of  ammonia.     The  quinia  falls  in  white 
flocks,  which  become  a  little  coloured  during  drying. 

1931.  It  crystallizes  with  difficulty  from  hot  alcohol  in  fnie  nee-  Characters. 
dies  and  then  is  in  the  state  of  a  hydrate.  Exposed  to  heat,  it 
softens  and  falls  down  as  a  white  powder ;  at  302^,  or  a  few  degrees 
higher,  it  melts  and  loses  the  whole  of  its  water  (T.).  Suddenly 
cooled,  it  becomes  yellow  and  brittle  ;  slowly  cooled,  it  assumes  a 
fibrous  texture,  and  becomes  opaque.  By  friction  it  becomes  nega- 
tively electric. 


*  The  atomic  composiUon  is  given  as  stated  by  Thomson. 

t  The  following  process  was  adopted  by  Pelletierand  Caventou  for  the  extraction  of^vtun  and 
cincboDis.  Two  kilogrammes  (4  2-5  llts.  avoirdupois)  of  uray  bark  in  powder  were  di-  ^*7"^'* 
grated  in  6  kil  (13  1-5  Ihs.)  of  alcohol.  This  treatment  wasrcpeatetl  tour  limrs.  The  ^"'*' 
alcoholic  tinctures  were  all  united,  and  the  alcohol  was  distilled  oil  after  the  addition 
of  two  litres  (123  cubic  inches)  of  water.    The  rrfidual  liquor  was  filtered,  and  it  left 
on  the  filter  a  reddish  matter  apparently  resinous,  which  was  washed  with  water  con- 
laiaing  a  little  notassa  till  the  Iiqiiid  passed  without  colour.    The  matter  remaining 
OB  the  filter,  after  Iwmff  well  washed  with  distilled  water  is  greenish  white,  very  fu- 
•iblf ,  soluble  in  alcohol,  and  capable  of  crystallizing^.    It  was  cinchonia  with  foreign 
MMtcr.    It  was  purified  by  the  action  of  hydrochloric  add,  magneaia,  and  repeated 
boiling  in  alcohol  which  dusolTed  the  dnchonia. 

t  iUn.  dM  C%tm.  d  Pkyt.  it.  MB. 
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cii>p.vu.  1932.  When  freed  from  water  and  placed  in  that  liquid,  qainii 
swells  and  absorbs  it.  Its  taste  is  intensely  bitter.  It  is  soluble  ii 
200  times  its  weight  of  boiling  water ;  very  soluble  in  alcohol  tad 
in  ether. 

Its  talis         1933.  Xhe  salts  of  quinia  are  distinguished  by  a  strong  bitter  iMli; 

goished.  those  in  crystals  have  a  pearly  lustre  ;  most  of  them  are  solabkii 
water,  and  several  in  alcohol  and  in  ether.  These  solutions  arefll^ 
cipitated  by  oxalic,  tartaric,  and  gallic  acids,  and  also  by  infusioB  rf 
nutgalls. 

Salphateof     1934.  Sulphate  of  Quinia.    The  powerfully  febrifuge  propniia 

qainiA.  of  this  salt  have  introduced  it  into  general  use  as  a  niedicioe«  aad  it 
has  become  an  important  article  of  manufacture,  especialW  ii 
France.^  The  process  usually  followed  is  the  following  of  IL 
Henri,  junior,  with  some  slight  modifies tion8.t 

Addltcra-        1935.  Sulphate  of  quinia,  from  its  commercial  value,  ia  frequeodf 

turn  detect-  adulterated.  The  substances  commonly  employed  for  the  por]*" 
are  water,  sugar,  gum,  starch,  ammoniacal  salts,  and  earthy  siili^ 
such  as  sulphate  of  lime  and  magnesia,  or  acetate  of  lime.  Pim 
sulphate  of  quinia,  when  deprived  of  its  water  of  crystallization  bra 
heat  of  212^,  should  lose  only  from  8  to  10  per  cent,  of  water.  Sa- 
gar  may  be  detected  by  dissolving  the  suspected  salt  in  wateri  aii 
adding  precisely  so  much  carbonate  of  potassa  as  will  precipitate  At 
quinia.  The  taste  of  the  sugar,  no  longer  obscured  by  the  inWtm 
bitter  of  the  quinia,  will  generally  be  perceived  ;  and  it  may  bt  wt 
parated  from  the  sulphate  of  potassa,  by  evaporating  gently  to  dr^ 
ness,  and  dissolving  the  sugar  by  boiling  alcohol.  Gum  and  staick 
are  left  when  the  impure  sulphate  of  quinia  is  digested  ia  straaf 
alcohol.  Ammoniacal  salts  are  discovered  by  the  strong  odour  rf 
ammonia,  which  maybe  observed  when  the  sulphate  is  patiolot 
warm  solution  of  potassa.  Earthy  salts  may  be  detected  fay  burniif 
a  portion  of  the  sulphate.t 

Disolphate.  1936.  Disulphate  of  Quinia  effloresces;  is  soluble  in  740tiiM 
its  weight  of  water  at  55°,  and  in  30  times  its  weight  of  boibf 
water.  It  dissolves  in  80  times  its  weight  of  alcohol  of  sp.  gr.  QtSt 
It  crystallizes  in  tufts  composed  of  fine  needles  of  a  pearly  lustre,  h 
fuses  and  then  resembles  liquid  wax:  at  a  higher  temperatuie  itar 
sumes  a  fine  red  colour,  and  bums  without  leaving  any  residoe. 

Compoti-        From  Liebig's  analysis,  as  quoted  by  Thomson,  it  is  compoiei 

tion.  of  85  quinia,  10  sulphuric  acid,  and  4.17  water. 

^riliits         1937.  Neutral  sulphate  of  quinia  may  be  formed  by  addi^fi 

*"  ^  little  sulphuric  acid  to  the  solution  of  the  disulphate.^ 

1938.  Sa/tctn,  C4H,O3,=43.0,  although  notalkaline  iaanalogooiv 

*  The  anoaal  produce  in  Paris  exceeds  1200,00  oances  per  mnnnm.    T. 

t  For  details  of  which,  see  T.  Orgr.  Bodiea,  933,  and  Ure*a  Diet,  ArU  md  Mm/- 
10S4. 

t  Several  of  the  preceding  directions  are  taken  from  a  paper  on  Uia  sabjaci  hf  M 
lipe,  Phil.  Mag.  and  Arm.  iii.  111.  (Tamer.)  According  to  Thomson.  marfancHi 
and  boracic  aciu  are  employed ;  the  former  may  be  separated  by  wvu  hy&HUM 
acid  which  dissolves  sulphate  of  quinia  but  leaves  the  marsaric  acid  ;  the  boi  ' 
is  discovered  by  incinerating  a  portion  of  the  suspected  salt. 

f  Hydro-ferroeifanate  qf  Quinia  has  been  found  a  more  iwwerfiil  IcbrilaM 
sulphate,  but  is  liable  to  decomposition.    For  the  methoa  of  preparuff  !&«  w'  ^ 
other  salu  of  quinia,  aae  T.  Org.  BodUa^  23S. 
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the  alkalies  from  cinchoDa.  It  is  obtained  from  the  bark  of  the  willow    B«t.i.^ 
{salix  helix),  and  exists  in  several  species,  also  in  the  bark  of  the  Salicin, 
poplar  (populus  tremula).     it  is  white,  very  bitter,  soluble  in  water 
mod  alcohol.     With  concentrated   sulphuric  acid  it  becomes  of  a 
beautiful  red  colour ;  this  holds  with  solutions  containing  only  ^^v 
of  their  weight  of  it ;  and  the  presence  of  salicin  in  any  bark  may 
thus  be  ascertained.     It  has  been  employed  as  a  substitute  for      * 
qninia. 

1939.   Veratriaj  Ciflti^0^,^288,  the  alkaline  principleof  veratrum  Veratria. 
Mum,  white  hellebore,  and  calchicurn  auiutnnale,  meadow  saiTron, 
has  the  aspect  of  resin,  is  white  and  fusible  at  about  240°.     Alco- 
r      hoi  and  ether  dissolve  it.     It  has  no  smell,  but  when  drawn  into  the  Chancttn. 
•      Doatrils,  even  in  minute  quantity,  it  produces  violent  and  long-con- 
tinued sneezing.     Its  taste  is  excessively  acrid,  it  occasions  frightful 
7     vomiting,  and  a  few  grains  are  fatal.*" 

J  1940.   Strychyiia  exists  in  the  seeds  or  fruits  of  several  species  of  strychnui. 

r     strychnoAi  particularly  in  the  ni/z  vomica.     It  was  found  also  in  the 
Q     poisonous  matter  called  upas.     It  is  intensely  bitter,  and  requires  c|j,,^i^„ 
J     wOO  times  its  weight  of  boiling,  and  6667  times  its  weight  of  cold 
^     water  for  solution.     It  is  highly  poisonous  ;  occasioning  violent  con- 
(    tractions  of  the  muscles,  and  tetanus  ;  the  best  antidote  is  infusion  of 
^     nnlgalls,  or  warm  tea.     In  very  small  doses  it  has  been  employed  in 
^    paralysis,  and  it  is  said  sometimes  with  success. 
1         1941.  Brueia  resembles  the  foregoing,  and  has  been  found  to  ac- 
^    company  it  in  the  different  vegetable  bodies  which  contain  it.t 
",        1942.  Narcotina.    C«oH„NO|«,  =  370.24.    Discovered  by  Dcsrone  Narcotioa. 
,    in  1803.1     It  is  obtained  from  opium. 

^        Digest  opium  in  water,  filter  and  e%*aporatG  to  the  coDsiiitcncc  or  an  extract.  Proceai. 

Ether  digested  on  this  extract  dissoU-es  th^  narrotina  together  with  some  other 
^'    Mbstances.    Distil  off  the  olher,  and  dissolve  the  revidiial  matter  in  hut  water 
or  boiling  alcohol,  digest  the  solution  with  animal  charcoal.     Der^nt  the  clear 
"  nid  and  precipitate  the  narcotina  hv  ammonia.     It'  not  white,  tlio  narcotina 
vf  be  diisolved  in  hydrochloric  acia,  and  the  solution  Im*  again  treated  with 
imal  charcoal,  thrown  down  by  ammonia,  washed  and  dried. 

1943.  Narcotina  is  white,  and  is  deposited  from  boiling  ether  ©r^      *^""' 
alcohol  in  needle-form  crystals  of  a  pearly  lustre.     It  does  not  re- 
store the  blue  colour  of  litmus  paper  reddened  by  acids  ;  but  as  it 
combines  with  and  neutralizes  acids  must  be  considered  ns  an  alkali.  .    .      ^ 

1944.  Its  taste  is  not  bitter.  In  contact  with  hyponitrons  acid  it  hypooi- 
assumes  a  carmine- red  colour  and  gives  out  red  vo pours.  In  about  irons  acid. 
Iialf  a  minute  the  action  increases,  the  narcotina  catches  fire  and  burns 
^viih  a  large  white  flame.  There  remains  a  blackish  spongy  matter 
consisting  partly  of  charcoal  and  partly  of  bitter  principle  of  Welter, 
«r  carbazotic  acid.^  It  is  insoluble  in  cold  w«iter,  very  little  soluble 
in  boiling  water,  but  readily  soluble  in  ether  and  in  fixed  oils. 

1945.  The  salts  of  narcotina  may  be  obtained  by  dissolving  it  in  uHncd 
dilute  acids  and  concentration. 

1946.  It  may  be  introduced  into  the  stomach  without  producing  ^"^.^ 
iy  deleterious  or  even  sensible  effect.     Ortila  administered  it  to  the 

Delphinia  exists  in  the  c/WpAiniiifn  ttaphytagria,  or  stoTv^acrc. 

t  Smeiia  or  Kmelina  is  obtained  from  the  various  roots  sold  ander  the  name  of  ipe-  Eiuhj*. 
lonaha.    These  are  the  roots  of  the  cephalU  emsltea,  cotficocctt  ipeeacwmhot  and 
Macmclka.    T.963.  t  ilim.  (fe  Ghim.  xlv.  867. 

%Jafw,  dt  Pharm.  izii.  98S. 
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<Sw^"'  amount  of  several  drachms  a  day,  without  percemng  mny  actMi 
whatever.    It  was  speedily  fatal  however  to  dogs. 

Morphia.  1947.  Morphia — Marphina,  GmHhNOs,  "  2S4.  This  is  OMff 
the  most  important  of  the  vegetable  alkalies,  and  the  priDcipleii 
which  the  narcotic  properties  of  opium  depend ;  insoluble  in  oil 
water;  boiling  water  dissolves  about  -|4v  of  its  weight  of  it;  fi^ 
solved  by  boiling  alcohol,  crystallizing  in  six  and  four-sided  prian 
tasteless  when  pure.  Extremely  bitter  when  rendered  solabkly 
alcohol  or  an  acid. 

Action  of        1948.  Nitric  acid  changes  its  colour  to  orange*red,  which  fiiii- 

"'d'h*^^^  ally  passes  into  yellow.  By  heat  the  transparent  crystals  Isae^ 
percent,  of  water  and  become  opaque  and  white.  If  the  hat  i 
increased  the  morphia  melts,  and  forms  a  yellow  liquid,  which tr 
comes  white  and  crystalline  on  cooling:  by  continuing  the  hci^it 
gives  out  a  resinous  odour,  and  bums  with  a  red  flame. 

1949.  Morphia  is  obtained  by  various  processes  ;*  the  foDoraf 
is  recommended  by  Thomson  : 

Macerate  opium  in  twice  its  weight  of  wat^r  Ibr  9M  houn,  agitatmg  ikaH» 
ture  occaaionally  to  promote  iolution.    Decant  and  pour  over  tlie  n  " 

portion  a  new  quanUty  of  diitilled  water,  eaual  to  the  portion  fiiit ^ 

Repeat  this  proceaa  four  timea,  or  till  everytning  aoluble  in  cold  waierba 
up.  If  the  opium  be  of  good  (quality,  about  three  fourths  of  it  will  be  dia 
and  the  remaining  fourth  remains  in  a  solid  state.  Filter  the  aoliitMHM  llei# 
tained,  and  evaporate  the  whole  to  dryness  in  a  low  heat  to  prevent  any  paM 
of  the  residue  from  being  decompoaed  or  injured.  Pour  diatilled  w«ter  epaais 
dry  residue.  The  whole  will  dissolve  eicept  a  brilliant  cryatalliiM  wM* 
which  is  narcotina.  Heat  the  solution  to  the  temperature  of  219^  and  aM  nil 
ammonia  in  slight  excess.    Boil  the  mixture  for  ten  minutea,  to  drive 


cesi,  and  then  allow  the  liquid  to  cool.  The  morphia  precipitates  in  ajMk 
pretty  pure ;  but  a  portion  of  it  swims  on  the  surface,  mixed  with  iopiiri^.  V 
the  morphia  thus  obtained  be  digested  in  sulphuric  ether,  a  portion  oT  nMCfl 


is  dissolved,  and  the  morphia  is  rendered  more  pure.  It  may  be  rendered |M 
pure  by  dissolving  it  in  boiling  alcohol,  dicesting  the  solution  with  ivorj  tnd^ 
liitcring  and  crystallizing.  This  process  should  be  repeated  three  or  IboraMh 
in  order  to  free  the  morphia  from  all  impurity.  An  easier  mode  of  jmrSMMk 
is  to  dissolve  it  in  sulphuric  acid,  takins  care  to  avoid  an  exceaa  oiaM  ijf 
evaporation  the  sulphate  of  merphia  is  obtained  in  crrstala.  Let  this  nb  hi  it 
composed  by  digesUng  it  with  magnesia.  The  aulphate  of  magnesia  a  wnM 
off,  and  the  morphia,  which  is  mixed  with  the  excess  of  magnesia  emplofii* 
to  be  dissolved  in  boiling  alcohol,  and  crystallized. 

Opium  yields  at  an  average  about  -^  of  its  weight  of  poiea^ 
phia. 

Action  on        1^^-  When  pure,  owing  to  its  insolubility,  il  is  alnMMtMi; 

animals,  for  Orfila  gave  twelve  grains  of  it  to  a  dog  without  its  ha/^it 
lowed  by  any  sensible  effect.  In  a  state  of  solution,  on  the  eosomk 
it  acts  on  the  animal  system  with  great  energy,  Senuerner  hsMf 
noticed  alarming  symptoms  from  so  small  a  quantity  as  half  a  ^H^ 
From  this  it  appears  to  follow  that  the  effects  of  an  over-donrfi 
salt  of  morphia  may  be  prevented  or  diminished  by  giTiogadto 
solution  of  ammonia,  or  an  alkaline  carbonate,  so  as  to  picc^M' 
the  vegetable  alkali. 

1951.  Many  experiments  have  been  made   to   discover  s  ndif 

of  morphia,  ^^^^  of  detecting  morphia,  and  distinguishing  it  from  other 
When  this  alkaline  substance,  or  any  of  its  salts,  is  placed  io 


*  For  which  see  B.  ii.  SIS ;  Edtin.  Me(L  and Suf:g,  Jour,  Noa.  lOr  bmAIH ;  J"^ 
Jour.  xiii.  27. 
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with  a  neutral  solution  of  a  neutral  salt  of  peroxide  of  iron,  it  strikes  a     ••ct,  i. 
blue  colour.    The  addition  of  a  sli^rht  excess  of  acid  causes  this  co- 
lour to  disappear  immediately.    The  addition  of  too  much  water 
causes  the  hlue  colour  to  pass  into  red. 

1952.  When  opium  is  admiaistered  as  a  poison,  its  presence  is 
rendered  obvious  by  the  peculiar  odour  of  that  drug,  as  well  as  by  the 
red  tint  given  to  persalts  of  iron  by  the  meconic  acid  of  the  opium ; 
bat  when  death  is  occasioned  by  a  salt  of  morphia,  it  becomes  neces- 
sary to  eliminate  the  morphia,  a  practical  process  of  considerable  de- 
licacy. The  method  suggested  by  Lassaigne  for  detecting  acetate  LtuaiiinM'a 
of  morphia,  may  be  applied  to  its  saline  combinations  in  general.*      mtthod. 

Tba  luipected  solution  is  evaporated  by  •temperature  or212°,  and  the  reaidat 
treated  with  alcohol,  by  which  toe  salt  of  morphia,  together  with  otmazome  and 


f 


•alti,  is  dissolved.  The  alcohol  is  next  evaporated,  and  water  added  to 
mla  fatty  matter.  The  aqueous  solution  is  then  set  aside  for  spontaneous 
•▼aporation,  during  which  the  salt  of  morphia  is  generally  deposited  in  crystals. 
From  an  aqueous  solution  of  tlie  salt,  ammonia  throws  down  a  crystalline  precipi- 
tate, which  may  bo  recognised  as  morphia  by  Uie  combination  of  the  following 
eharacteii : — By  the  figure  of  its  crvstals;  its  bitter  taste  ;  solubility  in  alcohol ; 
'■Ikalinitv  ;  by  the  orange-red  tint  aeveloped  by  nitric  acid ;  and  by  the  peculiar 
■Blioo  oriodic acid.  The  last  character  is  particularly  yaluahle  in  distinguishing 
■orphia  from  other  vegetable  alkalies :  the  latter  combine  with  iodic  acid  and 
ftrm  iodatM ;  but  morphia  decomposes  iodic  acid,  and  sets  iodine  free,  which 
■My  then  be  detected  Dy  starch.  A  grain  of  morphia  in  7000  grains  of  water 
■ay  be  discovered  by  this  test.t    T. 

1953.  Hydrochlorate  of  Morphia.    This  salt  is  much  employed  in  ^T^'^' 
Bdinburgh  as  a  medicine.t     It  crystallizes  in  needles,  and  dissolves  ^  ^^^' 
in  from  15  to  SO  times  its  weight  of  cold,  and  in  less  than  its  weight 

of  boiling  water. 

1954.  Acetate  of  Morphia  is  less  convenient  in  medical  practice  Aceuie. 
than  the  foregoing  salt,  being  variable  in  constitution.     It  is  apt  to 

kwe  a  portion  of  its  acid,  even  when  kept  in  crystals ;  and  during 


*  Ann.  iU  Chim.  et  dc  Phyt.  zzv.  102. 

t  SemllasL    Robinrt,  in  Jbiir.  de  Pfiarm,  xiii.24.    For  Harv*s  method  of  detecting 
■iaaie  quanUties  of  opium,  see  Amer.  Jovr.  zii.  290. 

SThe  method  of  preparini;  it  now  in  gcneml  use  was  tfuggvsted  hy  Rohertnon,  and  I'r^-fmj't  pro 
iiatoved  by  Gregory  and  Rohiquet,  Edin.  Mrd.  and  Surg.  Jour.  Nos.  107  and  ill,  ^rl^^'^ 
IM  Jour,  ae  Pharm.  ziz.  166.  The  aqueous  solution  of  opium  is  concentrated  in  a  murrnu. 
iMsc]  of  tinned  iron,  to  the  consistence  of  a  thin  syrup,  when  a  slight  excess  of  chloride 
if  calciom,  neutral,  and  quite  free  from  iron,  is  added.  The  mixture  is  boiled  for  a 
inr  minntes,  and  then  poured  into  an  evaporaiing  basin.  Resinous  flocks,  meconate 
•f  lime,  and  colouring  mailer  precipitate.  But  this  last  matter  docs  not  separate  well 
Mdeaa  the  liquid  has  Men  sufficiently  concentrated.  Afier  this  deposit  has  subsided, 
^km  clear  liquid  is  eraporaied  on  the  sand-bath.  Durinj;  the  eTaporatton  a  new  depo- 
ailioo  takes  place,  which  must  be  separated  liefore  the  liquid  lie  allowed  to  crystallize, 
coocenlrated  liquid  is  now  to  lie  allowed  to  cool,  under  constant  aviation.  Ttie 
~  Ja  of  hydrochlorate  of  morphia  are  depot(ii?«l  in  abundance.  They  are  to  be  put 
stout  cloth,  and  subjected  to  pressure,  which  squeezes  out  a  lilack  liquid,  con> 
liaa  Tarious  impurities.  The  crystals  are  now  to  be  dissolved  in  water,  at  70^, 
throuffh  cloth,  mixed  with  a  little  chloride  of  calcium,  crystallized  and  com- 
1  as  before.  These  crj'sials  are  a^in  dissolved  in  water,  the  liquid  is  satn- 
,_iIimI  with  chalk  and  animal  charcf>al  lieinff  added,  the  whole  is  digested  for  24  hours 
Ml  194*.  It  is  then  filtered  and  concentrated.  The  crystals  are  deposited  rapidly,  and 
~  '  ~  freed  from  the  mother  water  they  arc  while  ami  neutral.  The  salt  thus  ob- 
I  %i  dried  at  a  temperature  of  160^.  It  usually  amounts  to  about  one  tenth  of 
weifrhtof  opium  employed,  and  consists  of  hydrochlorate  of  morphia  and  a  little 
Iracbiorate  of  codeina  *,  from  which  it  might  probably  be  freed  by  digesting  in 
T.  Org*  Bodint  271. 
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VtgitabU  Alkalies, 


Codeia. 


Narceia. 


Chap.  VII.  the  evaporation  crystals  of  morphia  are  sometimes  deposited,    llii 
readily  formed  by  dissolving  morphia  in  acetic  acid.* 

1955.  Codeia  was  discovered  in  1832,  by  Robiquet,  in  the  hvdnn 
chlorate  of  morphia  made  by  Gregory's  process.  (1953  n.)  AmniQiiii 
added  to  a  solution  of  this  substance  in  water  precipitates  the  omh^ 
phia,  leaving  the  codeia  in  solution,  which  can  be  separsied  W 
crystallization.  It  has  an  alkaline  reaction,  fuses  when  betted » 
300'',  does  not  render  nitric  acid  red,  and  is  more  soluble  in  witer 
than  morphia. 

1956.  In  doses  of  from  4  to  6  grains  it  produces  an  ezciteoMU 
similar  to  intoxication,  which  is  followed  by  depression,  nausea,  ud 
vomiting. 

1957.  iVarcetat  is  another  alkali  discovered  by  Pelletier  in  tbi 
watery  infusion  of  opium.  It  is  white  and  crystalline,  mehiagit 
about  200^.  Its  salts  are  blue  when  dissolved  in  a  particular  qosft- 
tity  of  water,  the  colour  changing  to  violet  and  red  as  it  is  incretsei 

195S.   Thebaia  is  the  name  of  an  alkaline  principle  found  in  opiua, 
which  is  considered  the  same  as  the  paramorphine  of  Pelletier.  It  is. 
white,  crystalline,  soluble  in  ether,  and  fuses  at  266°. 

1959.  Meconia,  C10H5O4.  This  is  another  constituent  of  opiaa. 
but  is  not  possessed  of  alkaline  properties,  and  contains  no  nitngo. 
It  is  found  in  minute  quantity,  opium  yielding  but  about  20^7  ^^ 

Characters,  weight  of  meconia.  It  is  white,  has  no  odour,  and  when  first  ft 
into  the  mouth  has  no  taste,  but  soon  imparts  an  impression  of  aoh 
dity.  It  is  soluble  in  water,  alcohol  and  ether.  It  fuses  at  19f. 
It  resembles  fat  in  appearance.^ 

1960.  Brucia  or  Brucina  resembles  strychnia  (1940),  and  majk 
procured  from  the  nux  vomica  in  small  quantity,  and  also  from  the 
Brucia  anti-dysenterica.^  Like  morphia,  it  strikes  a  deep  red  W 
with  nitric  acid,  and  strychnia,  which  produces  this  effect,  is  ooofi- 
dered  as  containing  a  small  portion  of  brucia.  It  acts  upon  anioiii 
like  strychnia,  but  is  a  less  active  poison.     It  is  intensely  bitter. 

1961.  Conia  is  the  active  principle  of  conium  maeulatum^  or  kea- 
lock,  and  next  to  hydrocyanic  acid,  the  most  virulent  poison  knovB.«' 

1962.  Parillia  or  Parillina  exists  in  the  root  of  S7nilax  tasaptrA 
common  sasaparilla  of  commerce.     It  is  white,  of  a  peculiar  odoir. 


Thebaia. 


Meconia. 


Brucia. 


Conia. 
Parillia. 


*  The  basis  of  Battley's  sedative  liquor  is  supposed  to  be  acetate  of  morplua- 
t  Probably  from  pnoxi],  torpor. 

t  From  40  lbs.  of  opium  Couerbe  obtained 

60  ounces  of  morphia, 
1^    "  codeia, 

1      "  thebaia, 

1      "  meconia, 

f      "         narceia. 

Colour  produced  by  agitating  the  preceding  substances  with  aulpharic  add  ■* 
with  a  little  nitric  acid : 

Morphia  gires  a  brownish  colour. 

Codeia  "     green  " 

Thebaia        "     yellow  rose  " 

Meconia       "     turmeric  yellow  and  then  a  red 

Narccia        "     chocolate     "  (Rcid) 

$  fhlte  aiigustwraf  the  seeds  of  which  were  brought  from  Abyssinia  by  tte  n^ 
Bruce. 

I)  See  Christison  in  Tram,  Edm»  Roy,  Soe,  xiii. 
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m.diftrp  bitter  taste,  end  naoeeous.    When  swallowed  to  the  extent    tatcn, 
of  18  grains,  it  occasions  nansea,  vomiting,  diminishes  the  rapidity 
of  the  |Milse,  and  acts  as  a  sudorific 

1963.  Nicotina  exists  in  the  leaves  and  seeds  of  tobacco.    AtNieotias. 

temperatures  it  is  a  liquid  of  the  consistence  of  houey,  of 
•erid  taste  and  a  brown  colour.    It  is  a  virulent  poison.    Its  salts 
*    mm  distinguished  by  their  taste  of  tobacco  and  their  acrid  causticity** 


t 

H 


k 


SscnoN  II.     Intermediate  Bodies. 


m  1964.  In  this  class,  which  is  merely  temporary,  Thomson  has 
plaeed  all  the  vegetable  principles  which  seem  capable  of  entering 
■  into  definite  compounds  with  other  bodies,  and  which  have  not  as 
^1  J%i  been  proved  by  satisfactory  experiments  to  be  either  acid  or 
■I   aHkaline. 

^  Alcohol  and  its  Compounds, 

y  ,     1966.  Alcohol^  C4H|0-f~H0,  eq.  46.00,  is  the  intoxicating  ingre-  AlcohoL 

ditnt  of  all  spirituous  and  vinous  liquors.     It  does  not  exist  ready 
^  flMrmed  in  plants,  but  is  a  product  of  the  vinous  fermentation. 

1966.  Common  alcohol  or  spirit  of  wine  is  prepared  by  distilling  Spirit  of 
vfaiskey  or  some  ardent  spirit,  and  the  rectified  spirit  of  wine  is  ^'^' 
T|  |Roi;ored  by  a  second  distillation.     The  former  has  a  sp.  gr.  of 
^  oloQt  0.867,  and  the  latter  of  0.835  or  0.84.     In  this  state  it  contains 
^  ftmantity  of  water,  from  which  it  may  be  freed  by  the  action  of 
oafiatances  which  have  a  strong  affinity  for  that  liquid. 

^.      Tbu,  when  carbonate  of  potam  heated  to  300^  is  mixed  with  epirit  of  wine,  purifled. 
^  A*  alkali  nnitet  with  the  water,  forming  a  denie  solution,  which,  on  standing, 
L'  Marttea  fW>m  the  alcohol,  so  that  the  latter  may  be  removed  bj  decantation. 


il  VS  tfie  alcohol,  thus  deprived  of  part  of  its  water,  iresh  portions  of  the  dry  carbo- 

•  fitf 


are  successiTely  added,  until  it  falls  through  the  spirit  without  heing  moist- 
^  irtsi.  Other  substances,  which  have  a  powerful  attraction  for  water,  may  bo 
f  srintilQted  Ibf  carbonate  of  potassa.    Gay-Lussac  recommends  the  use  of  pure 

wdf  fev  and  baryta  ;t  and  dry  alnmina  may  also  be  employed. 

^  "     A  vsrv  convenient  process  is  to  mix  the  alcohol  with  chloride  of  calcium  in 


F 


^^  Mjsdsi,  or  with  quicklime,  and  draw  off  the  stronger  portions  by  distillation. 
^T  tiiotlMr  process,  which  has  been  recommended  for  depriving  alcohol  of  water,  is 
**ytsyl  it  into  the  bladder  of  an  ox,  and  suspend  It  over  a  sand-bath. 

The  strongest  alcohol  which  can  be  procured  by  any  of  these  pro- 
"^  ceases  has  a  sp.  gr.  of  0.796  at  60^  F.  This  is  called  absolute  alco- 
^  Im^I,  to  denote  its  entire  freedom  from  water. 

#4l»  following  table  exhibiu  the  qaantity  of  thia  sabstanoe  yielded  by  1000  parte 

'  fadbiis  kinds  of  tobacco : 

Cuba  S.S4 

Maryland  ....  6.8S 

Yimnia      .....      10.00 
DedeVilain       ....  11.80 

I^t  •  •  *  •  •        o<48 

Norh  ....  ll.SS 

Lot-etOaroan  ....       890 

FV>r  smoking  3.86 

T.  Ommc  Bodftct.  8SS. 

flsvetal  other  priociples  aoalogoos  to  the  (bregoing.  have  been  wtained  from  vari- 
planu,  on  which  their  activity  deneods.  These  nave  been  ptrticolarYy  described 
Iher  with  the  processes  for  obtainmg  them  in  TboaMoo*a  lata  foloiae. 

tin.  4s  Ck,  Ixxxvi.  t  Jow  4§  SbL  xviii. 


442 


Organic  Chemistry — hUermediate  Bodiei. 


Chap  Vil. 

Absolute 
alcohol. 


Soemer- 
ing'i  ez- 
perimenU. 

Christi- 
lon'i  ex- 
pehments. 


Proportiei. 


Effect  of 
cold. 


1967.  Aa  elegant  and  easy  process  for  procuring  absolute  akobol, 
has  been  proposed  by  Graham.^  A  large  shallow  basin  is  oovcfcd 
to  a  small  depth  with  quicklime  in  coarse  powder,  and  a  smaller  «e 
containing  three  or  four  ounces  of  commercial  alcohol  is  support^ 
just  above  it.  The  whole  is  placed  upon  the  plate  of  an  airfoap^ 
covered  by  a  low  receiver,  and  the  air  withdrawn  until  the  aieoU 
evinces  signs  of  ebullition.  Little  alcohol  evaporates,  as  its  vsftv 
is  not  condensed  by  lime,  but  all  the  water  evaporates  and  its  ttpov 
is  absorbed  by  the  lime.  Common  alcohol  is  in  this  way  eatireiy 
deprived  of  water  in  the  course  of  about  five  days.  The  tempor 
ture  should  be  preserved  as  uniform  as  possible  during  the  pracoL 
Sulphuric  acid  cannot  be  substituted  for  quicklime,  since  both  n- 
pours  are  absorbed  by  this  liquid. 

1968.  According  to  SQ^mering  when  spirit  of  wine  is  enclosed  a 
a  bladder,  and  exposed  for  some  time  to  the  air,  it  is  converted  iali 
alcohol,  the  water  only  escaping  through  the  coats  of  the  bliddeT.f 
But  the  recent  experiments  of  Christison  do  not  confirm  this,  wk 
found  that  spirit,  whatever  its  strength,  became  weaker  wbea  Aa 
exposed.  They  however  confirm  the  results  obtained  by  Giahaa^ 
and  absolute  alcohol  of  the  density  of  .796  was  obtained  is  Vm 
mooths  by  exposing  rectified  spirit  in  an  open  cup  enclosed  in  aea* 
fined  space  with  quicklime^ 

1969.  Alcohol,  obtained  by  slow  and  careful  distillation,  is  a  li» 
pid,  colourless  liquid,  of  an  agreeable  smell,  and  a  strong  pasgal 
flavour.  Its  specific  gravity  varies  with  its  purity  ;  the  pureitfl^ 
tained  by  rectification  over  chloride  of  calcium  being  .791 ;  ait 
usually  occurs  it  is  .820  at  60^.  If  rendered  as  pure  as  possibklf 
simple  distillation,  it  can  scarcely  be  obtained  of  a  lower  specific  fir 
vity  than  .825,  at  60"".     Absolute  alcohol  boils  at  168^''  F.^ 

1970.  Hutton  is  said  to  have  succeeded  in  freezing  alcohol,  ta 
the  fact  is  doubtful,  as  the  means  by  which  he  efiected  its  coogch*^ 
tion  were  never  disclosed.  Walker  exposed  it  to  a  temperttnits 
— 91  but  no  congelation  took  place.  Even  when  diluted  witka 
equal  weight  of  wateri  it  requires  a  cold  of  6^  below  0  to  coDgedc 
When  of  a  specific  gravity  of  .810,  it  boils  at  the  lemperatiucrf 
173.5^,  the  barometrical  pressure  being  30  inches.  In  the  vacooarf 
an  air-pump  it  boils  at  common  temperatures. 

1971.  Alcohol  may  be  mixed  in  all  proportions,  with 
water,  and  the  specific  gravity  of  the  mixture  is  greater 
than  the  mean  of  the  two  liquids,  in  consequence  of  a  di* 
minution  of  bulk  that  occurs  on  mixture,  as  may  be  shown 
by  the  following  experiment : 

Fig.  190  represents  a  tube  with  two  bulbs,  communicatinc  with 
each  other,  tne  upper  one  being  supplied  with  a  well  grouoa  gUsi 
stopper.  Fill  the  tube  and  lower  bulb  with  water,  pour  alcohol 
slowly  into  the  upper  bulb,  and  when  full  put  in  the  stopper.  Tha 
vessel  will  now  be  completely  filled,  the  alcohol  lyinc  upon  tha  w^ 
ter;  if  it  be  inverted,  the  alcohol  and  water  will  siowly  mix  and  tha 

*  Edin.  PhU.  Trmu,  1^28. 

t  Quart.  Jour,  viii.  331,  and  Henderson's  BuL  qf  Winet,  Loud.  18S«. 

t  Edin,  PhiL  Jour.  July,  1839.  f  Urt. 
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lion  that  uimm  will  be  indiottad  by  tbe  empc^  tpaea  in  the  tabe.    A    Bmi.  U. 
ible  riie  of  temperature  takea  place  in  thia  expenmont  in  conaeqnenee  of 
dnsatioD. 

.  The  strength  of  such  spirituous  liquors  as  consist  of  little  ^^ogth 
Q  water  and  alcohol,  is  of  course  ascertained  by  their  specific  uioed. 
;  and  for  the  purpose  of  levying  duties  upon  them,  this  isas- 
id  by  the  hydrometer.*  But  the  only  correct  mode  of  ascer* 
the  specific  gravity  of  liquids,  is  by  weighing  them  in  a  deli- 
lance  against  an  equal  volume  of  pure  water,  of  a  similar 
iture.t  Proof  spirit  contains  equal  weights  of  alcohol  and 
sp.  gr.  0.917. 

There  are  other  methods  of  judging  of  the  strength  of  spi- 
liquors,  which,  though  useful,  are  not  accurate,  such  as  the 
e  size  and  appearance  of  the  bubbles  when  shaken,  the  sink- 
ioating  of  olive  oil  in  it,  and  the  appearances  exhibited  when 

if  it  burns  away  perfectly  to  dryness,  and  inflames  gunpow- 
.  piece  of  cotton  immersed  in  it,  it  is  considered  as  alcohol : 
erent  spirituous  liquors  leave  variable  proportions  of  water 
Lus  burned  in  a  graduated  vessel. 

.  Alcohol  is  extremely  inflammable,  and  burns  with  a  pale  coQ^bai- 
me,  scarcely  visible  in  bright  daylight.     It  occasions  no  fuli-  tion  ofal- 
leposition  upon  substances  held  over  it,  and  the  products  of  <^^^* 
bustion  are  carbonic  acid  and    water,  the  weight  of  the 
onsiderably  exceeding,  that  of  the  alcohol  consumed.     Ac- 
to  Saussure,  jun.,  100  parts  of  alcohol  aflford,  when  burned, 
Is  of  water,  the  production  of  which  may  be  shown  by  sub- 
;  the  flame  of  alcohol  for  that  of  hydrogen,  in  the  apparatus 
rd  in    Chapter  iii.,    under  the  article   Water    (403),  and 
ibe  at  its  extremity  be  turned  down  into  a  class  jar,  it  will  be 
lat  a  current  of  carbonic  acid  passes  out  of  it,  which  may  be 
d  erident  by  lime  water. 

s  are  some  substances  which  communicate  colour  to  the 
r  alcohol ;  from  boracic  acid  it  acquires  a  greenish-yellow 
tre  and  the  soluble  salts  of  baryta  cause  it  to  burn  yellow, 
se  of  strontia  give  it  a  beautiful  rose  colour ;  cu-  Fif.  i9i. 
salts  impart  a  fine  green  tinge. 

Alcohol  dissolves  pure  soda  and  potassa,  but  it 
t  act  upon  their  carbonates:  consequently,  if  the 


ydrometer  of  Bate,  oonttrocted  for  the  Coaunitaiooert  of  Great 
las  a  scale  of  4  inches  in  length  dirided  into  100  parts  and  9 
iring  a  raose  of  900  diTisions,  and  eipresaea  specific  gravities  at 
ratore  of  62*'  F.  To  render  this  instrument  so  aocnrate  as  to  in- 
VTor  of  appreciahle  amoant,  the  weighta  are  constructed  so  that 
BssiTe  weiffht  has  an  increase  of  bulk  orer  the  preceding  weight 
tiat  part  of  the  stem  occupied  by  the  acale,  and  ao  increase  of 
fficient  to  take  the  whole  of  the  eeale,  and  no  more,  down  to  the 
^.  191  repreaenu  this  instrument  and  two  of  iu  nine  ballast 
It  comprehends  all  specific  graTities  between  820  and  1000  and 
true  sp.  gr.  with  almost  perfect  accuracy  at  62^  F.  Ure*s  Diet. 
ManV.  23. 

ice  the  aicoomHre  of  Gray-Lussac  is  employed,  for  which  see  Ibid, 
tited  States  the  hydrometer  of  Dices  is  uaed. 

I  Phil.  TVone.  for  1794,  Oilpin  has  given  a  ooirioaa  and  valaa- 
of  tahlee  of  the  epecifle  gravity  of  miituree  of  afeohol  and  water, 
!  oondensatkm  that  enanea,  with  aeveral  other  paitJcnJara.  Other 
Trallea  and  Qay-Lweae,  will  be  found  in  Ura's  Did,  ArU  and 


Use  as  a 

solvent 


B«u*i  bjrdrM^ 
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Chap.VlI. 


TincUire  of 
tartar.  J 


Akohatet. 


Decnin- 
pondon. 

Alcohol  in 
wine. 


Braode'g 
results. 


latter  be  mixed  with  alcohol  cootaining  water,  the  liquor 
into  two  pcMTtions,  the  upper  being  alcohol  deprived  to  i 
ble  extent,  of  water,  and  the  lower  the  aqueous  solution  of  lk 
carbonate.  The  alcoholic  solution  of  caustic  potassm  was  knom  is 
old  pharmacy  under  the  name  of  Van  Helmont's  Tindure  #f  Ti^ 
tar.    Its  use  in  purifying  potassa  has  already  been  staled  (815). 

1976.  The  greater  number  of  sulphates  are  insoluble  in  this  ■» 
struum,  but  it  dissolves  many  of  the  hydrochlorates  and  nitntci.  k 
also  dissolves  the  greater  number  of  the  acids.  It  absorbs  mif 
gaseous  bodies.  It  dissolves  the  vegetable  acids,  the  volatik  A 
the  resins,  tan,  and  extractive  matter,  and  many  of  the  soaps;  ikt 
greater  number  of  the  fixed  oils  are  taken  up  by  it  in  sinall  tpmb' 
ties  only,  but  some  dissolve  largely.* 

1977.  Graham  has  shown  that  alcohol  may  in  many  iDstuoi 
be  combined  with  saline  bodies,  performing  as  it  were  the  pirt  if 
water  of  crystallization.  Such  combinations  may  be  termed  «&»> 
hates.  They  are  obtained  by  dissolving  the  substances  by  best  a 
absolute  alcohol,  and  are  deposited  as  the  solution  cools»  more  or  he 
regularly  crystallized.  They  appear  to  be  definite  compoandsi«l 
in  some  of  them  the  alcohol  is  retained  by  an  attraction  ao  powfiUi 
as  not  to  be  evolved  at  a  temperature  of  400"  or  500^.t 

1978.  When  the  vapour  of  alcohol  is  passed  through  a  reM 
copper  tube,  it  is  decomposed,  a  portion  of  charcoal  is  deposited,  wi 
a  large  quantity  of  carburetted  hydrogen  gas  is  evolved. 

1979.  Alcohol  exists  ready  formed  in  wine  and  spiritooas  liqsiw, 
and  may  be  collected  without  heat.  Branded  procured  it  froo  vie 
by  precipitating  the  acid  and  extractive  colouring  matters  by  sukfr 
cetate  of  lead,  and  then  depriving  the  alcohol  of  water  by  dry  ctfb' 
nate  of  potassa :  the  pure  alcohol  may  then  be  measured  is  • 
graduated  tube.  Gray-Lussac  obtained  alcohol  from  wine  by  diiii^ 
ling  it  tTi  vacito  at  the  temperature  of  60"  F.  He  also  succeeded  is 
separating  the  alcohol  by  the  method  of  Brande ;  but  he  soggcff 
the  employment  of  litharge  in  fine  powder,  instead  of  snbaccitterf 
lead,  for  precipitating  the  colouring  matter.^ 

1980.  The  preceding  researches  of  Brande  led  him  to 
the  quantity  of  alcohol  contained  in  spirituous  and  fermented  ii 
According  to  his  experiments,  brandy,  rum,  gin,  and  whiskey, 
tain  from  51  to 54  percent,  of  alcohol,  of  specific  gravity  0JB2L  1W 
stronger  wines,  such  as  Lissa,  Raisin  wine,  Marsala,  Fort,  llaMa 
Sherry,  TenerifTe,  Constantia,  Malaga,  Bucelias,  Calcavella,  and  ^^ 
donia,  contain  from  between  18  or  19  to  25  per  cent,  of  alcohol  b 
Claret,  Sauterne,  Burgundy,  Hock,  Champagne,  Hennilage,  td 
Gooseberry  wine,  the  quantity  is  from  12  to  17  per  cent.  lo  dto 
perry,  ale,  and  porter,  the  quantity  varies  from  4  to  near  10  p^ 
cent.  In  all  spirits,  such  as  brandy  or  whiskey,  the  elcaliol  is  fl^ 
ply  combined  with  water;  whereas  in  wine  it  is  in  comUnatioafiA 


*  It  may  be  remarked  that  many  errora  exiat  io  the  pabliahed 

bility  of  &abatanceft  in  alcohol,  ariaingfrom  the  cziateaceof  water  eilkcr 
or  anbatance  diaaoWed. 

tGMiam  haa  examined  the  ftleobolic  oombiMtioM  of  cMoiidtctf 
of  magnesia.  Ice.  aee  Q^art  Jour.^  N.  S.,  Dee.  18BS. 

t  Pha.  TVime.  18U  and  iSlt.  f  JAn.  d^ArmmO^  vsL  fSL 
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■McilagiiKHMii  BaechariiMt  tad  other  vegetable  prineiplee,  •  condition   jwHL 
which  tends  to  diminish  the  action  of  the  alcohol  upon  the  system.* 

1961.  From  recent  experiments  Cliristison  is  of  opinion  that  the  chrUU- 
alooholic  strength  of  many  winee  has  been  overrated.    The  follow- •on'tfi 
Ukg  table  shows  some  of  his  results;  the  first  column  gives  the  per-^^^' 
caata^  of  absolute  alcohol  of  sp.  gr.  793.9,  by  weight,  and  the 
flacood  the  percentage  of  proof-spirit  sp.  gr.  920  by  volume« 

AkoMp.  e>    P.  Sb.  p,  c 

Pbfft— weaken 14.97  30.56 

mean  of?  winee                          •  16.90  33.91 

eCroDgttt        .....  17.10  S7j17 

white  port            ....  1497  31.31 

Sbeny-weakett 13.96  30.64 

mean  of  13  winee,  eiploding  thoee  very  long 

kept  in  catka  .           •           -           -  15.37  33.59 

ftrongeat            ....  16.17  35.12 
mean  of  9  winee  very  long  in  caik  in  the 

Eastlndiei            •           -           -  1472  32.30 

Madre  da  Xeree     ....  16.90  37.06 

«j   «  .^  C  all  long  in  caik  in  )  ftrongeet          •  14.09  30.80 

aaadeira  ^   ^  ^..^^  j^^^j^    j  weakeet     -  1690  36.81 

TeaeriiTe,  long  in  caik  at  CalcatU         -  13.84  30.21 

Cerciai 15.45  33.65 

DryLbbon 16.14  34.71 

Claret,  a  fifit  growth  of  1811           -  7.72  16.96 

Cbateaa-Latour,  fint  growtli  1825         -           •  7.76  17.  6 

Ondinary  Claret,  a  euperior  **  via  ordiaain"            -  8.99  18.96 

Malmsey 12.86  2a37 

Rudeebeimer,  tuperior  quality         ...  8.40  16.44 

Do           interior      •           -           -           .  6.90  15.19 

CKlea' Edin.  Ale  before  bottling        .           .           .  5.70  12.60 

liame  ale  2  years  in  botUe                        -            -  6.06  13.40 

Superior  London  Porter  4  months  bottled    -  5.30  11.91 1 

1962.  Th^  coropositioa  of  alcohol  in  the  state  of  vapour  is  thus  Compoci- 
aiated  by  Thomson  :  *»<>°  pf  •>" 

^  cohol  va- 

1  vol.  olefiant  gas 0-9722  sp.  gr.  pour  ae- 

1    ««    vapour  of  water         ....        0.6250      ^  cording  to 

Thomson^ 

1.5972      «• 

condensed  into  1  vol. ;  so  that  its  sp.  gr.  is  1.5972  when  in  the  state 
of  vapour. 

1963.  Olefiant  gas  is  a  compound,  2  vols,  carbon  vapour,  and  2 
▼ols.  hydrogen  gas  united  toother,  and  condensed  into  1  volume. 
So  thai  a  vol.  of  it  is  equivalent  to  2  atoms  of  carbon,  and  2  atoms 
hydrogen. 

1964.  Liebig  hss  given  anotherviewof  the  composition  of  alcohol,  Liebig's 
feanded  upon  the  experiments  lately  made  to  determine  the  compo-  ^v* 
aition  of  ether.     According  to  him,  ether  contains  no  water,  but  is 
composed  of  C4H1-I-O,  or  it  is  an  oxide  of  (C4H5).    Alcohol  is  a  hy- 
drate of  ether,  or  it  consists  of  CC4H50)-f-HO.    This  view  recom- 
mends itself  by  its  simplicity,  and  by  the  facility  which  it  presents  to 

us  in  explsining  the  nature  of  the  numerous  compounds  formed  by 
means  of  slcohol.l 


*  For  Brande's  table  of  proportion  of  aloobol  in  wines,  see  his  Chen,  ii.  66S. 
t  flUin.  PWIot.  Jour,  Joly,  1SS9.  t  Thonson,  Ogr.  Bodim,  SOO. 
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1185.  Aldehyde.^  This  remarkable  substance  was  first  notkedbf 
Dobereiner,  but  has  been  particularly  examined  by  Liebig.t 

19S6.  It  is  a  colourless  liquid,  having  a  peculiar  ethereal  smd 
and  is  obtained  by  passing  the  vapour  of  ether  through  m  large  ghs 
tube  heated  to  redness.  The  products  being  introdu^d  into  solphi- 
ric  ether,  the  aldehyde  is  retained  in  combination.  Dry  aromoniacal  pi 
is  then  passed  into  the  solution,  which  forms  a  crystalline  coropoaai 
with  the  aldehyde,  termed  ammonia  aldehyde.  From  this  compoood  il 
is  procured  by  adding  an  equal  weight  of  water,  and  then  diluted  sat 
phuric  acid  to  unite  with  the  ammonia,  heating  it  afterwards  ia  a 
retortt  The  product  of  distillation  is  hydrated  aldehyde,  which  ii 
separated  from  the  water  by  distilling  it  from  chloride  of  calcium. 

1987.  Aldehyde  may  also  be  formed  by  the  action  of  spongy  ph- 
tinum  with  air  and  alcohol,  or  by  distillation  from  4  parts  of  water 
and  4  of  alcohol,  mixed  with  6  of  peroxide  of  mangaaeae,  and  6  of 
aqueous  sulphuric  acid. 

1988.  It  is  very  volatile,  of  sp.  gr.  0.790,  and  boiling  at  71}*. 
Its  vapour  when  inhaled  produces  a  kind  of  cramp  in  the  sUNnacL 
It  combines  with  water  in  all  proportions,  with  evolution  of  beat  & 
takes  6re  readily,  burning  with  a  pale  flame  and  much  light.  Kcfl 
in  a  vessel  full  of  air  it  absorbs  oxygen,  and  is  converted  into  voy 
concentrated  acetic  acid ;  this  is  promoted  by  spongy  platinum. 

1989. ^Aldehyde  dissolves  sulphur^  phosphonia,  and  iodine;  ik 
sorbs  chlorine  and  bromine  with  production  of  hydrochloric  and  hy- 
drobrQmic  acids.^ 

1990.  When  heated  with  water  and  oxide*of  silver,  at  first  mode* 
rately  and  then  raised  to  the  boiling  temperature,  in  a  glass  tube,tbe 
silver  is  revived  and  covers  the  glass  with  a  brilliant  coating.  The 
oxide  of  silver  is  also  reduced  when  a  few  drops  of  ammonia  sre  ad- 
ded to  aqueous  aldehyde  and  it  is  heated  with  the  oxide,  afibrdiogso 
easy  method  of  ascertaining  the  presence  of  the  smallest  quaotitr  of 
aldehyde  in  any  liquid. 

1991.  When  kept  in  vessels  to  which  air  has  access,  oxygen  if 
absorbed,  and  prismatic  crystals  are  formed,  which  fuse  at  21^,  tal 
at  a  higher  temperature  sublime.  They  are  hard,  inflammable,  lal 
soluble  in  alcohol  and  ether. 

1992.  Liebig  analysed  aldehyde  by  heating  it  with  oxide  <tf  oof- 
per ;  the  result  was  as  follows  : 

Carbon  53  67    or  4  atomi  ae  8.0    or  per  cent.    54.55 

Hydrogen  -  8.97    or  4    «*      =  aS    or      "  9.09 

Oxygen     -  37.36    or  2    »*      =2.      or      " 


100.00 


5.5 


lOOXX) 


*  From  alcohol  dehydratua. 

t  Ann.  de.  Oum.  et  Phyt.  lix.  896,  end  Arm,  de  Pharm.  zit.  las. 

t  For  minute  detmili,  aee  T.  Organic  Boding  301. 

f  Liebig  il  of  opinioD  that  in  these  reaction!  the  tldahyde  ia  cbaoged  iato 
end  hroftuu. 


JicitoL  ^7 

The  density  of  its  rtpour  he  found  1.632.*  8«ci.n. 

19d3.  Aldehyde  resin  is  prodaced  when  potassa  is  dissolred  in  Aldehyde 
alcohol,  and  most  speedily  when  the  access  of  air  is  permitted.  It  >^»' 
is  to  the  presence  of  this  substance  that  the  alcoholic  solution  of  po- 
tassa owes  its  reddish-brown  colour.  It  is  produced  also  when  a 
aoIutioiy>f  potassa  in  alcohol  and  acetal  is  exposed  to  the  air.  This 
is  a  us^ul  character  to  enable  us  to  distinguish  acetal  from  acetic 
ether  and  other  ethereal  liquids.  All  the  liquids  containing  alde- 
hyde assume  a  reddish-brown  colour  when  heated  with  potassa ;  and 
when  diluted  with  water  the  resin  of  aldehyde  separates  in  brown 
flocks.t 

1994.  Acetal  was  obtained  by  Dobereiner  by  the  following  pro-  Aoetal. 
ccm: 

Place  alcohol  of  ip.  gr.  0.8631  upon  a  saucer  and  in  the  saucer  a  support,  the  Prooess. 
top  of  which  is  raised  a  few  lines  aoove  the  alcohol ;  upon  the  support  place  a 
Dumber  of  watch-glasses  having  a  quantity  of  spon^  platinum  in  each.  Cover 
the  whole  with  a  bell  glass,  open  above,  standmc  in  the  saucer  so  that  the  va- 
pours which  condense  may  fall  back  into  the  alcohol.  The  apparatus  is  left  in  a 
place  not  too  cool  till  the  alcohol  acquires  a  very  acid  taste.  The  whole  is  then 
distilled  over  carbonato  of  lime.  To  the  product  of  this  distillation  add  chloride 
of  calcium  in  powder,  which  causes  the  separation  of  an  ethereal  liquor,  to  which 
Licbig  has  given  the  name  of  acetal. 

1995.  Acetal  is  colourless,  and  of  sp.  gr.  0.823  ;  it  boils  at  203^  ;  Properties. 
bums  with  a  bright  flame,  and  by  the  action  of  spon^^y  platinum  is 
converted    into  acetic   acid.      It  may  be  considered  as  C4H4  -|- 
HjOlft 

*  If  we  consider  the  vapour  as  composed  of  4  vols*  carbon  vapour,  4  vols,  hydrogen 
,  and  1  vol.  oxygen  gas,  condensed  into  2  vols,  we  have 

4  vols,  carbon  vapour  =1.6666 
4  "  hydrogen  gas  sO.2777 
1  vol.  oxygen  =1.1111 

2)2.9655 


1.4777  =  sp.  gr. 
•f  aldehyde  vapour.    The  vapour  then  is  composed  of  4  vols,  carbon,  4  vols,  hydro- 
gan  and  1  vol.  oxygen  condensed  into  2  vols. 

It  is  easy  to  see  how,  by  means  of  oxygen,  aldehyde  is  converted  with  such  facility 
iDto  acetic  acid, 

Acetic  acid  •  -  O4H3O3 

Aldehyde   -  •  -  C4H4O2 

IT,  therefore,  the  oxygen  combine  with  one  of  the  atoms  of  hydrogen,  and  convert  it 
into  water,  while  another  atom  of  oxysen  replaces  the  hydroven,  it  is  obvioos  that  al- 
dehyde will  become  acetic  acid.  Liebig  is  of  opinion  that  there  exists  an  unknown 
basis  composed  of  C4  Hs,  to  which  he  has  given  the  nsme  of  aUte-hyden.  The 
oiode  of  this  Itasis  is  C4  H3  O,  and  when  this  oxide  is  combined  with  an  atom  of  wa- 
ter, it  constitutes  aldehyde,  the  true  formula  for  which  is  C4  H3  0+HO.  Acetic  acid 
is  C«  lis  Ot  +  HO.  It  is  obvious  also  that  aldehyde  and  alcohol  differ  from  each 
eCber  merely  by  the  aldehyde  containing  2  atoms  less  hydrogen  than  akuhol. 

Alcohol  is       -       •       C«  Ht  Os 
Aldehyde  is    -       -       C4  Hi  Os.     (Thomson,  304.) 

t  Aldehydie  Add  is  prepared  from  aldehyde  and  oxide  of  silver,  end  is  composed  ef  Ay«hHicaci^ 
C4  H4  O3 .    It  differs  from  acetic  acid  merely  in  conuining  an  additional  atom  of  hy-   ^^ 
■fo^en. 

Bromide  and  Iodide  qfAld^yden  have  been  discovered*  for  which  see  T.  307. 

t  For  s«irae  other  compounds  see  T.  Org".  Bodies,  210.  Thomson  hss  given  the 
aaoM  of  deutoearbohydroffen  to  defiant  gas,  and  shown  its  relation  to  aldehyden  as 
fellows  : 

Aldehyden  C4  Hs 

Chloride  of      "  .       C4Hi-l-Cl 

Breaide  ef      **       -  C4  Hs  +  Br 
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1996.  Chloral*  was  disoovered  by  Liebi|f.  It  is  obtuned  bf 
passing  a  current  of  dry  chlorine  gas  through  absdate  alcohol  A 
prodigious  quantity  of  chlorine  is  necessary  and  a  great  deal  of  bj^ 
drochloric  acid  is  fonhed.t 

1997.  It  is  liquid,  colourless,  tasteless,  of  a  penetrating  odoar,tti 
of  an  oily  appearance.  It  combines  with  water,  sulphur,  bron^ 
iodine  ;  is  decomposed  when  heated  with  different  earths  and  i 
metallic  chlorides  being  formed.! 

1998.  Liebig  has  given  the  name  of  insoluble  chloral  to  the 
stance  formed  when  chloral  is  left  to  the  action  of  concentrated  s^ 
phurlc  acid  at  common  temperatures.  During  the  conFersioD  rf 
alcohol  into  chloral,  the  alcohol  loses  6  atoms  of  hydrc^n  andgni 
3  atoms  of  chlorine.  For  every  atom  of  alcohol  converted  uito  cU^ 
ral  10  vols,  of  hydrochloric  acid  are  formed,  and  3  vols  of  chkiw 
enter  into  chemical  combination  with  it.    T. 

1999.  Ethal,^  GuHiA  eq=l21«  This  substance  has  been  ^ 
scribed  by  Thomson  in  this  place  from  its  analogy  to  alcohol  aal 
sulphuric  ether.  It  was  obtained  by  Chevreul  from  spermaceti  tf 
cetine.     With  sulphuric  acid  it  forms  ndphocetie  acid. 

2000.  Ether,  This  name  has  been  given  to  the  light,  Tohtili; 
inflammable;  and  fragrant  liouids,  obtained  by  distilling  in  a  giia 
retort  a  mixture  of  alcohol  ana  any  strong  acid.  The  diflferent  Idoli 
of  ether  have  been  distinguished  by  the  name  of  the  acid  eroptojil 
in  the  process.     That  which  is  best  known  is  sulphuric  ether. 


193      To  prepare  lulphuric  ether,  equal  weights  of  sulphuric  acid  and 

Oare  exposed  to  heat  in  a  plain  glass  retort,  pouring  in  the  aJcobol  firaMi 
then  tne  acid  by  a  long  class  funnel  (Fig.  192),  and  adjusting  the  relortiii 
sand-bath  already  heated  to  the  temperature  of  200^,  m  the ^" 


in  Fiff.  193.  llie  acid  and 
the  fllcohol  should  be  well 
mixed  by  shaking  them  toge- 
ther in  the  retort,  when  the 
temperature  rises  considera- 
bly, and  the  receiver  should 
bo  tubulated  to  convey  away 
the  atmospheric  air,  and  any 
other  gaseous  products  that 
may  be  formed  towards  the 


Pig.  193. 


ti 


CiHi+I 
CiHa-hH 
C4  Hs  CI  -4-  HCl 
C4HsBr+  Hfr 
Ci  Hs  1    +  HI 
C4  Hs  O   4  HO 
Ci  Hs  Oi  4  HO 


Iodide  of  aldehyden 

Oleoaot  gas 
Chloride  of  deutoearoohydrogen 
Bromide  of 
Iodide  of 
Aldehyde 
Aldehydic  acid  • 

Acetic  acid  C«  Hs  Os  -f  HO 

Chloroform  is  obtained  by  distilling  a  roixtaro  of  alcohol  and  aqucoos  si 
bleaching  powder,  as  a  limpid  fluid  of  sp.  gr.  1.480.  It  is  a  compoand  of  I 
carburet  of  hydrogen  with  3  atoms  of  chlorine. 

Bromoform  is  analogous  to  the  last  and  is  obtained  when  «  miztare  afbi 

lime  and  alcohol,  or  acetone,  is  distilled.    It  is  an  oily  looking  liquid   hsa^ 

sulpharic  acid,  and  its  composition  is  the  same  as  thatof  chloroMm.    * 

*  From  chlorine  and  alcohol, 

t  If  we  employ  an  avoirdupois  pound  of  aleohol,  we  shall  rsqaire  S6.483 
or  almost  38  j  cubic  feet  of  chlorine  gas,  or  48  cubic  feet  of  hydrochloric 

t  It  diflers  from  chloroform  by  oootaioiog  two  atoms  mora  of 
of  oxygan. 

f  From  first  syllablas  of  ctAsr  and  alcohol. 


d 
U- 


twai 
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oloM  of  the  op«ntioii.  The  oeck  of  the  receiver  ihoald  fit  oloeeljr  to  the  neek  Sect  I* 
of  the  retort,  and  the  joint  be  rendered  ti^ht  by  tying  it  round  with  a  piece  of  — ^— 
Imen  or  cotton  cloth  spread  over  with  paate  made  of  flour.  The  bent  tube  fixed 
to  the  tubulure  of  the  receiver  should  oe  made  to  pass  into  a  second  receiver,  or 
to  dip  into  a  bottle  in  the  manner  repreaented,  which  m  kept  cold  by  placing  it  in 
a  jar  or  basin  with  water  or  ice ;  the  tube  must  not  fit  tightly  to  the  neck  <h  the 
bottle,  but  allow  ani^  gas  that  may  come  over  to  be  freely  disengaged.  The  fint 
raoeiver  should  be  tied  round  with  a  piece  of  linen  or  cotton  cloth,  that  it  may  lie 
easily  kept  cold  ;  ice  or  snow  should  always  be  used  when  it  can  be  pro- 


8001.  The  distillation  is  generally  continued  till  a  quantity  of 

a  aid  has  come  over  equal  to  one  half  the  alcohol  employed.  More 
mt  is  said  to  be  obtained  when  it  is  kept  constantly  boiling  than  at 
m  lower  temperature,  though  this  has  been  disputed ;  the  retort 
should  not  be  filled  more  than  half  full,  and  great  attention  must  be 
pmid  to  the  heat  applied  during  the  whole  of  the  operation,  as  the 
mixture  is  apt  to  boil  over  when  urged  wiih  too  strong  a  fire. 

2002.  The  ether  that  condenses  in  the  receiver  is  never  obtained 

pare  at  first,  being  always  mixed  with  a  little  alcohol  that  distils  Purified. 
orer  unaltered,  and  some  sulphurous  acid.  To  remove  these,  it  is 
mixed  with  potassa,  taking  five  or  six  grains  for  every  ounce  of  alco- 
hol employed,  and  distilled  again  from  a  retort  with  a  very  gentle 
beat  till  five  or  six  sevenths  shall  have  passed  over ;  the  potassa  re- 
tains the  sulphurous  acid,  along  with  some  water  and  alcohol.  To 
separate  the  alcohol  completely,  it  may  be  shaken  with  about  three 
fourths  of  its  bulk  of  water,  which  combines  with  all  the  alcohol  and 
m  little  ether.  It  is  then  distilled  by  a  very  gentle  heat,  and  may  be 
rendered  still  stronger  by  distillation  from  chloride  of  lime.  It  should 
be  kept  in  bottles  with  well-ground  glass  stopples. 

On  a  small  scale,  an  ounce  or  two  of  alcohol  with  as  much 
sulphuric  acid  by  weight,  will  be  sufficient  to  show  the  process,  con- 
densing the  product  in  a  common  flask.* 

2003.  Ether  is  a  colourless  liquid,  of  a  hot  pungent  taste  and  fra*  Properties. 
grant  odour.     It  is  highly  exhilarating,  and  produces  a  degree  of 
intoxication  when  its  vapour  is  inhaled  by  the  nostrils.     Its  sp.  gr. 

irariet  with  its  purity.     Lowitz  is  said  to  have  procured  it  as  light 
St   .032;    Brande   states   that  he   never    obtained    it  lower  than 


*The  London  Pharmaeap.  directs  the  distillatioo  ot  ether  wiih  potaraa,  for  its  pa-  p.,„_^ 
iMcaiioQ  from  salpharoiu  acid  \  and  Phillips  has  giTcn  the  following  directions  for  ««!!! 
yiorarinf  ether  for  phannaceutiq^l  porposes,  which  answer  extremelv  well. 

**  Mix  with  16  ounces  of  snlphuricacid,  an  equal  weifjbt  of  rectified  spirit,  and  distil 
■fcoat  10  fluid  ounces,  add  S  ounces  of  spirit  to  the  residuum  in  the  retort,  and  distil 
■boat  f  fluid  ounces ;  or  conUnne  the  oiieration  until  the  contents  of  tho  retort  hcffin 
toriae  or  the  product  becomes  considerably  snljpbnrous  \  mix  the  two  nroducts,  and  if 
tha  mixture  consists  of  a  light  and  heavy  fluid,  separate  them ;  add  potassa  to  the 
lighter,  as  lonff  as  it  appears  to  be  dissolved ;  separate  the  ether  from  the  solution  of 
yoiassa,  and  distil  aliout  nine  tenths  of  it,  to  be  preserved  as  ether  tvlphuricut^  the 
ipKiflc  gravity  of  which  ought  to  be  at  raoat  .750.*' 

In  the  preparation  of  ether  on  a  large  scale  considerable  risk  is  incurred  bv  firo, 
raeoorse  has  therefore  been  had  to  steam  as  the  source  of  the  requited  heat.  In  the 
apparatus  employed  at  Apothecaries*  Hall  (Lond.)  the  still  is  of  cast  iron,  lined  with 
lau ;  the  steam  is  conducted  throuah  the  mixture  of  acid  and  alcohol  by  a  contorted 
laadni  pipe  at  the  bottom  of  the  stin,  and  is  supplied  by  a  boiler  calculated  to  resist 
Ikt  pressure  of  lOO  lbs.  on  the  square  inch  *,  in  this  way  the  mixture  is  very  rapidly 
nuaed  to  its  lioiling  point,  snd  a  larger  relative  quantity  of  ether  is  obtained.  The 
Voilar  is  plaead  ia  a  distant  apartment.  Tha  eonoenaing  avparatos  aad  rafrureratory 
■M  of  the  uaoal  cooatmctioD,  bat  aboBdaotly  aoppUad  with  cold  water.  Braada^ 
Pkmmaty,  4S6. 
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Chftp.viL  .700;  as  ordinarily  prepared,  its  sp.  gr.  Taries  between  .730  nj 
.760,  and  as  met  with  in  commerce,  it  must  be  considered  as  alDi^ 
ture  of  pure  ether  and  alcohol.^ 

2004.  It  is  extremely  volatile,  and  when  poared  from  one  tokI 
into  another,  a  considerable  portion  evaporates ;  during  its  evapooh 
tion  from  surfaces,  it  produces  intense  cold,  as  may  be  felt  by  pov* 
ing  it  upon  the  hand  ;  and  seen,  by  dropping  it  upon  the  balb  rfi 
thermometer,  which  sinks  to  many  cfegrees  below  the  freezing  pan 
The  sp.  gr.  of  the  vapour  of  ether  compared  with  atmosphene  «r, 
is,  according  to  Gay-Lussac,  as  2.586  to  l.OOO.t  Two  ounce  nor 
sures  of  ether  converted  into  gas  at  the  temperature  of  72.60  fill  ik 
space  of  a  cubic  foot. 

The  change  may  be  exhibited  by  placing  a  lar^e  bell  gla«  filled  with  kl 
water  on  the  ihelf  of  the  pneumatic  troach  and  paaung  the  ether  firom  a  phU^ 
into  it.    The  vapour  will  fill  the  jar,  and  may  b«  fired  with  suitable  pfeciutti 

2005.  At  mean  pressure,  sulphuric  ether,  when  of  a  tp.gr.tf 
.730,  boils  at  98°,  and  under  the  exhausted  receiver  of  au  air-poa|k 
at  all  temperatures  above  — 20^  ;  hence,  were  it  not  for  atmosphcoc 
pressure,  ether  would  only  be  known  in  the  state  of  vapour. 

In  consequence  of  the  cold  produced  during  the  vaporixatioe  tf 
sulphuric  ether,  the  phenomena  of  boiling  and  freezing  may  beeikh 
bited  in  the  same  vessel. 


For  this  purpose  procure  a  very  thin  flaak  which  file  Fif.  IK 

loosely  into  a  wine-glass,  as  shown  in  Fig.  194.  Pour  a  small 
quantity  of  ether  into  the  flask,  and  of  water  into  the  glaM, 
and  place  the  whole  under  the  receiver  of  an  air-pamp ;  du- 
ring exhaustion,  the  ether  will  boil,  and  a  crust  of  ice  will 
gradually  form  upon  the  exterior  of  the  flaslct 

2006.  Ether  is  highly  inflammable,  and  in  con- 
sequence of  its  volatility  it  is  often  kindled  by  the 
mere  approach  of  a  burning  body;  a  circumstance 
which  renders  it  highly  dangerous  to  decant,  or 
open  vessels  of  ether  near  a  candle.^ 

The  inflammabllitv  of  ethereal  vapour  maybe  shown  by^  pusloc  a  small  ^la- 
tity  into  a  receiver,  mmished  with  a  brass  stop-cock  and  pipe,  and  inverted  sf« 
water  at  a  temperature  of  lOQP.  The  receiver  becomes  filled  with  the  vapa* 
which  may  be  propelled  and  inflamed;  it  burns  with  a  bright  bluiah-wkiH 
flame. 


2007.  When  ether  is  admitted  to  any  gaseous  body  it  ii 

its  bulk.     Oxygen  thus  expanded,  produces  a  higblv  inflnmmiMr 

mixture ;  if  the  quantity  of  oxygen  oe  large  and  of  ether  small,  tkc 

mixture  is  highly  explosive,  and  produces  water  and  carbonic  acid. 

Into  a  stronff  two  ounce  phial,  filled  with  oxygen  gas,  and  wrapped  niaad«iA 
a  cloth,  let  fall  a  drop  of  ether.    On  applying  Uie  flame  of  a  candle,  a  t'  ~ 
detonation  will  ensue. 

2008.  The  vapour  of  ether  also  explodes  with   chlorine, 
shown  by  the  following  experiment. 

*  For  table  of  sp.  gr.  see  Henry's  Cfitm.  ii.  338.  1 2.682a,  T.  and  I* 

t  After  using  ether,  eur  should  be  drawn  through  the  pomp  many  timet  to 
the  ether,  as  it  injures  the  vslTes. 

f  In  spirit  warehouses  or  dniggisu'  laboratories  whtrs  aihar  i»  iit«^t|hd  ihts|^ 
lamp  (Fig.  174)  may  be  advantageoasly  used. 
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Fill  a  bottle  of  tiie  captcitj  of  throe  or  four  pinti,  with  chlorine  na,  taking  oara     8«ct.  I. 
Id  expel  ilie  water  u  completely  ai  poei ible.    Then  throw  into  it  about  a  drachm 


or  a  drachm  and  a  half  of  good  ether,  covering  ita  mouth  immediately  with  a  piece  ^^ 
of  light  wood  or  paper.  In  a  few  seconde  white  vapour  will  be  aeen  moving 
oiicularly  in  the  bottle,  and  this  will  loon  be  followed  by  an  exploeion,  accom- 
puued  with  flame.  At  the  aame  time  a  coniiderable  quantity  or  carbon  will  bo 
flopoeited. 

When  a  small  quantity  of  ether  ii  poured  into  a  large  jar  of  warm  chlorine,  it 
oeeononally  happena  that  a  considerable  explosion  ensues. 

2009.  Ether  freezes  at  -«46^.  When  exposed  to  light  in  a  vessel 
partially  filled,  and  which  is  frequently  opened,  it  gradually  absorbs 
oxygen,  and  a  portion  of  acetic  acid  is  generated. 

2010.  Ether  dissolves  the  resins,  several  of  the  fixed  oils,  and  Dissolves 
nearly  all  the  volatile  oils ;  it  also  dissolves  a  portion  of  sulphur,  and  renn»,  dtc 
of  phosphorus;    the  latter  solution  is  beautifully  luminous  when 
poured  upon  warm  water  in  a  dark  room.     The  fixed  alkalies  are 

not  soluble  in  ether,  but  it  combines  with  ammonia. 

It  dissolves  the  oxides  of  gold  and  platinum,  and  these  solutions  ^^'^^^ 
have  been  employed  for  coating  steel  with  those  metals,  with  a  view  gold  and 
to  ornament  and  as  a  defence  from  rust^  platiouro. 

2011.  When  a  coil  of  platinum  wire  is  heated  to  redness,  and 
then  suspended  above  the  surface  of  ether  contained  in  an  open  ves- 
sel (Fig.  53),  the  wire  instantly  begins  to  glow,  and  continues  in 
that  state  until  all  the  ether  is  consumed.  During  this  slow  corn- 
bastion,  pungent  acrid  fumes  are  emitted,  which,  if  received  in  a 
separate  vessel,  condense  into  a  colourless  liauid  possessed  of  acid 
properties,  owing  to  the  formation  of  acetic  acid. 

2012.  It  has  been  already  stated  (1567)  that  sulphuric  ether  con-  Base  of 
•ists  of  CfHsO,  and  that  it  possesses  the  characters  of  a  base,  being  *^^*'* 
capable  of  neutralizing  acids,  oxygen,  chlorine,  bromine,  iodine,  and 
floorine.     These  new  compounds  are  at  present  very  inaccurately 
termed  ethers.     The  base  of  ether  is  C^Hf  to  which  Liebig  has  given 

tha  name  of  ethylA    Common  ether  is  an  oxide  of  ethyl.    T. 

2013.  In  preparing  ether  the  ebullition  is  continued  till  white  va-  Sweet  oil 
pours  appear,  and  the  smell  of  sulphurous  acid  is  perceived,  and  by  ^^  ^''^* 
continuing  the  heat  a  yellowish  liquid  comes  over  which  has  been 
called  the  stotet  ail  of  m7ie4 

2014.  Chloride  of  Ethyl— Hydrochloric  Ether.    C^Ufil    This  chloride  of 
ccKnpound  is  generated  by  the  action  of  hydrochloric  acid  on  alcohol,  ethyl. 
and  may  be  prepared  by  several  processes :— by  distilling  alcohol 
previously  saturated  with  hydrochloric  acid  gas,  or  mixed  with  an 

^If  toa  satartted  solution  of  gold  or  platinum,  in  nitrO'hjrdrochloric  acid,  there  he  u^  ^  ttktfwi 
'  1  about  three  parts  by  measure  of  good  sulphuric  ether,  it  soon  ukes  up  the  me- 
leaving  the  acid  nearly  colourless  below  the  ethereal  solution,  which  is  to  be  **- 

fiilly  decanted  off;  into  this  the  polished  steel  is  for  sn  instant  plunged,  and  im- 

■ediateiy  afterwards  washed  in  water,  or  in  a  weak  alkaline  solution.  Though  the 
ooaiing  of  platinum  is  the  least  lieantifol.  Stodardt,  who  has  nude  maov  expe> 
rinaiits  upon  this  kuhject,  considers  it  as  tne  best  protection  from  rust.  Polisbed 
braaa  may  be  coated  by  the  same  process.  These  surfaces  of  gold  and  platinum, 
tkasfh  very  thin,  are  often  a  useful  pr>tectioii  t  with  sold  the  experiment  is  particn- 
Itrly  beautiful,  ami  well  illustrates  the  astonishing  divisibility  of  the  metal.  The 
HfciVfal  solotioo  of  gold  is  not  permanent,  but,  aAer  a  time,  deposits  the  metal  in  the 
fctB  of  a  film,  in  which  crysuls  of  gold  are  of^ea  perceptible. 

tFkooi  recent  ezperimenu  Lowiff  concludes  that  by  the  action  of  potassium  oa 
chloride  of  ethyl,  chloride  and  eihjfide  of  potassium  are  formed,  and  that  by  the  ao- 
taoa  of  water  upon  the  latter,  the  ethjle  ia  set  tree.  LoiuL  and  Ediiu  Phu.  Mog,^ 
itl7,18tt.  tSsaT.  Jkafy.  Ckna.  tt.  sor,  and  a  ti.  MS. 
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ciMtp.  vif.  equal  volume  of  strong  hydrochloric  tcid ;  by  headiig  a  miitut  of 
5  parts  of  alcohol,  5  of  strong  sulphuric  acid,  and  12  of  fnstd  sn- 
salt  in  fine  powder;  or  by  distilling  alcohol  with  the  chlorides c( 
tin,  bismuth,  antimony,  or  arsenic.  The  products  are  transnuosi 
through  tepid  water,  by  which  free  alcohol  and  acid  are  absoihei, 
and  the  pure  hydrochloric  ether  is  then  received  in  a  vessel  sv* 
rounded  by  ice  or  a  freezing  mixture. 

2015.  Hydrochloric  ether  is  a  colourless  liquid,  of  a  peoetialiig; 

^'  ^''  somewhat  alliaceous,  ethereal  odour,  and  a  strong  rather  sweet tailt 

It  is  so  volatile  that  it  boils  at  about  54^.  When  inflaoied,  as  it  isns 

from  a  small  aperture,  it  burns  with  an  emerald-green  flame  witksM 

smoke,  yielding  abundant  vapours  of  hydrochloric  acid. 

Sulphuret        ^^^'  ^"^M^rc^  of  Ethyl,  or  Mtrcaptan.     C4H5S+HS.    TLi 

of  ethyl,     new  substance  was  discovered  by  Zeise  and  named   fneranfUM^ « 

account  of  its  energetic  action  on  the  red  oxide  of  mercury.* 

p^^^  Althionate  of  baryta,  lime,  or  potassa,  waa  heated  with  a  stronf  nlaaatf 

*^******'       protosulphuret  of  barium.    There  diatUled  over  aloDg  with  the  water  an  ctlMMi 
liquid,  while  the  althionate  waa  changed  into  aulphate. 

2017.  The  ethereal  liquid  was  lighter  than  water,  colourless,  oft 
penetratins;  odour,  resembling  that  of  garlic.  Its  taste  was  sweet; 
it  inflamed  readily,  giving  out  the  odour  of  sulphurous  acid.  Ifhm 
distilled  it  was  divided  into  two  distinct  liquids.  To  the  fim 
the  name  of  thialic  ether  was  given,  and  to  the  second  mereapitM. 
M  Dtan.  ^^®'  Mercaptan  acts  with  force  upon  potassium,  hydrofleap 
ercaptao.  y^*^j^^  evolved  and  the  metal  converted  into  a  colourless  siJt,  mj 
soluble  in  water  and  in  alcohol.  These  solutions  give  a  yellow  |r- 
cipitate,  with  acetate  and  nitrate  of  mercury.t 

There  are  six  bodies  to  which  the  term  ether  has  been  applied,  tai 
which  are  not  considered  such  by  Thomson,  by  whom  they  havebea 
constituted  a  distinct  class,  having  for  their  base  not  C4HS  but  CA 
Other         (the  tetartO'carho'hydrogen  of  Thomson),  they  are 

****•"                              I  Light  oil  of  wine  Ci  Hi 

2  Chloric  ether  .    C4H4  +  Cl9t 

3  Bromic    "  C4  H4  +  Bi« 

4  Iodic       "  .    C4  H4  +  It 
6  Acetal      '<  Ci  H4  +  H|0 
C  Sulphocyanic 

The  third  set  of  bodies  classed  among  the  ethers,  coosists  of  dkr 
micai  compounds  of  sulphuric  ether  and  an  acid.  Of  these  Thumi 
enumerates  twenty,  for  which  see  Org,  Bodies^  329. 

*Ann.  de  Own,  et  de  Phy$.  Wi.  S7; 

Hrdri»«m-j«  t  Cyanodideof  Ethyl- Hydvocytmic  EOier,  C4H5(C2N).  waa  diecevmd  by  F*m 
^SS^^^^  "f^  '■  obtained  by  heaung  a  mixture  of  equal  parU  of  cyanodide  of  pocaMna^ 
althionate  of  baryta. 

Suiphohydric  Ether,  C4H5(HS)?  was  formed  by  Lovig  by  the  ectka  of  airfi 
ether  and  sulphuret  of  potassium.  It  hat  no  action  on  red  oxide  of  mcrawy.ai^ 
this  character  is  distinguished  from  mercaptan.    See  T^  Oi^,  BotUtt^  sas. 

r.       X  Chloric  Ether  is  the  name  which  has  been  applied  to  a  Uqaid  obiaiecd  by  da^iV 

of  three  pounds  of  chloride  of  Ume  and  two  talleea  o^ataM 


Salpkokydrle, 


r' 


a  gallon  from  a  mixture  of  three  pounds  of  chloride  of  lime  and  two  gaUeeac 

sp.  gr.  0.844,  and  rectifying  the  product.  This  was  diaoorered  Sw  Gullni  iii* 
united  States  and  Soul>eram  in  France.  See  Guthrie's  aoooiuii  io  Amer,  Jbv.  ^ 
As  this  liquid  does  not  contain  chloric  acid,  Bacbe  has  propoeed  fiir  U  thi  mm' 
chiorim  ether. 

It  is  extremely  Tcdatile,  of  a  sweetish  tasta,  boiling  at  ISSVanl  batvff  tkiiV^^ 
of  1.486.    When  dihitad  with  water  it  is  employad  as  a  diflMbla  '^'^^^ 


QMiie£tJktr. 
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Fig.  19S. 


2019.  Nitrie  ethtr.  Nitrous  ether;  G4H«0+N0t.  Various 
processes  are  given  for  obtaining  this  liquid  ;^  it  is  produced  by  the 
action  of  equal  weights  of  nitric  acid  and  alcohol,  the  acid  being 
added  in  small  successive  quantities  to  the  alcohol,  and  the  mixture 
cooled  after  each  addition,  to  prevent  the  violent  action  that  would 
otherwise  ensue.  It  collects  on  the  surface  of  the  mixture  and  is 
cautiously  withdrawn. 

1.  Fig.  (195)  roprMenttan  imngeinent  propoted  by 
Torrey — a  a  Wouife's  bottle,  k  a  receiver,  e  «  glass  fun- 
nela  ground  to  the  necki,  and  glass  rods  ground  to  the 
funnels,  the  acid  being  in  one  funnel,  and  the  alcohol 
in  the  other ;  by  means  of  the  glass  rods  the  admis- 
sion of  either  is  regulated  at  pleasure. 

2.  Introduce  into  a  sufficiently  capacioos  retort  e^ual 
weights  of  alcohol,  (spei-ific  gravity  820)  and  of  mtric 
acid  of  commerce  (specific  gravity  1 .30)  and  connect 
it  with  five  Woulfe's  bottles,  the  first  of  which  is 
empty  and  the  remaining  four  half  filled  with  a  satu- 
rated solution  of  salt  in  water.  Apply  a  gentle  heat  to  the  retort,  till  the  liquor 
begins  to  effervesce ;  then  withdraw  tlie  fire,  and  the  nseous  matter  passing 
throuch  the  bottles,  which  should  be  kept  cold  by  ice,  deposits  the  ether  upon 
tb^  saline  solution,  from  which  it  is  to  be  decanted,  shaken  with  chalk,  and  re- 
«liMilled  at  a  very  gentle  beat.t 

2020.  In  all  experiments  with  nitric  acid  and  alcohol,  great  care 
must  be  taken  not  to  mix  a  large  quantity  of  acid  with  the  alcohol 
at  once,  as  the  gaseous  products  that  are  immediately  produced  are 
apt  to  throw  out  the  whole  of  the  mixture  with  explosive  violence.^ 
Nitrogen,  protoxide  and  binoxide  of  nitrogen,  and  carbonic  acid 
gases  are  disengaged. 

2021.  The  nitrous  agrees  with  sulphuric  ether  in  its  leading  pro- 
perties; but  it  is  still  more  volatile.  When  recently  distilled  from 
quicklime  by  a  gentle  heat,  it  is  quite  neutral ;  but  it  soon  becomes 
acid  by  keeping.  It  is  decomposed  by  potassa,  and,  on  evaporation, 
crystals  of  the  nitrite  or  hyponitrite  of  that  alkali  are  deposited 
(Mem.  d'Arcueil,  i.)  It  is  soluble  in  48  parts  of  water,  and  in  all 
proportions  in  alcohol ;  this  last  solution  is  ihespiritttsatherisnitriei^ 
or  sweet  spirit  of  nitre  of  the  Pharmacopoeia.^ 

2022.  Oxalic  ether.  C4H»0-fC,0j.  Is  obtained  from  1  part  of 
alcohol,  1  binoxalate  of  potassa,  and  2  parts  of  sulphuric  acid.  It 
ia  purified  by  boiling  with  pounded  litharge.  It  is  an  oleaginous 
liquid,  boiling  at  263^.  When  a  current  of  dry  ammoniacal  gas  is 
passed  over  it  a  substance  is  obtained  which  has  been  called  by  Du* 
masjl  ozamcthane.H 
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*  Thomson's  Inorg,  Chan,  SIS* 

t  Sec  deKription  of  an  apparatus  for  this  process  by  Hare,  in  Am.  Jour.  toI.  ii.  p. 
aaa  and  zuiii.  241. 

t  Though  a  small  quantitv  of  acid  may  be  added  to  a  larm  quantity  of  alcohol 
witboat  much  action,  a  smaft  quantity  of  alcohol  cannot  be  added  to  a  large  quantity 
of  add  without  vioKmt  action. 

f  Two  lb.  of  nitrate  of  potassa  and  a  lb.  and  a  half  of  sulphuric  acid  are  mixed  in  a 
gins  letort,  9  and  a  half  lbs.  of  alcohol  are  gradually  poured  in  j  it  is  digested  with  a 
aaatle  heat  for  two  hours,  the  heat  is  then  raised  ana  a  gallon  distilled  offj  to  this  1 
■iat  of  diluted  alcohol  and  an  ounce  of  carbonate  of  potassa  are  added  and  a  gallon 
SStilledoff.     U.S.P^ 

tAmM.de,Ckim.§ttUPh^.]iw.9Al,madAmi.d9Pkarm.UL.  139. 

%BUktnsalai9^  PtttMo.    It  was  shown  by  Ldbig  that  onUo  etfasr  hM  tiis  pin- 


fer. 
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ciiMi.  ni.  S033.  (Enantkic  ether.  G,H>0-|-C|,H„0,.  It  is  to  this  lemtAa- 
bU  eiher  that  the  peculiar  odour  of  viiftm  is  owing."  Whca  lull 
quantities  of  wine  are  distilled  we  obtain,  at  the  end  of  the  prooH 
a  small  quantity  of  an  oily  liquid.  The  same  liquid  is  obtuMl 
when  l)ie  leea  of  wine  are  distilled  ; 

3034.  Ii  has  a  strongr  laste,  is  usually  colourless,  and  ia  a  lu- 
tilre  oroenanthic  ether  with  an  eicess  of  cenanthic  acid.  The  elber  ■ 
separated  by  distillation.  It  is  very  liquid,  has  a  suoag  odawif 
wine  and  produces  intoxication  when  inspired.t 


«fc»«-  2025.    The  fourth  set    of  bodies,  which  have  by   some  beta 

classed  among  el^s,  are  certain  acidulous  salts,  cooaistin^  ef  1 
atom  of  ether  united  to  3  atoms  of  an  acid.    They  are 

1  Henvy  ail  of  wiiH 
3  Allliiaiiicuid 

3  FboaphoTiDie  icid 

4  Oialovinic  acid   .  _,._„_     -,-,-j.  , 

3  TartroTiaic  acid   -        -        .        .        C.  H50-t-2(C.  HaO.M-flO 

6  RacemOTiaic  acid         •        •        -        C,Uif>+'An,  11,0,  )tHO 

7  Camphaviaic  acid        -        -        -        C,  it  JJ+'JiC  ,  H7jO  .  H-BO 

'  Pfranlio        ^'^-  ^t/roxylic  tpirit.    C,H,0+HO=33.    This  name  has  Im 

spiiii.         given  to  the  volatile  liquid  which  is  formed  when  wood   ia  lubjedri 

to  heat,  and  which  is  found  in  the  aqueous  liquid  which  comes  etK 

This  is  decanted  ofi*  to  separate  it  from  the  tar,  and  when  again  1» 

tilled  the  pyroxylic  spirit  is  in  the  first  teach  part  of  the  prodneL  & 

is  reclified  over  quicklime. 

prepanieii.      2037.    Pyroxylic  spirit  is  colourless,  and  has  ■   peculiar  odaVi 

alcoholic  and  aromatic  mixed  with  thai  of  acetic  ether.     It  boils  ' 

150°,  its  so.  gr.  is  .798  not  diSering  much  from  alcohol. t 

Aeiioa  of        2029.     When  its  vapour  is  mixed  with  air  in  contact  with  pbti- 

tiiMin'''     """^  sponge,  heat  is  evolved  and  formic  acid  produced.     If  aUoaid 

to  fall  drop  by  drop  on  the  spongy  platinum,  it  burns  and  carboH 

acid  is  produced.     Its  vapour  explodes  with  dry  chlorine.     DisiilM 

with  chloride  of  calcium  it  ^ives  rise  to  chloroform. 

Action  of        3039.  When  a  mixture  of  1  part  of  pyroxylic  spirit  and  4  pnti 

■nipbaric    of  concentrated  sulphuric  acid  is  distilled,  a  sas  cornea  over,  i  "  ' 

■™i-  .k :..,.: f  -i—u-i Ti : 


possesses  the  constitution  of  alcohol  vapour.  The  very  sante  ikiH 
takes  place  in  this  distillation  as  when  we  heal  a  mixture  of  akaM 
and  sulphuric  acid.     One  half  the  water  is  abstracted  relative  lalhi 

^  perlf  of  combining  wiiti  buei  like  an  acid,  and  thii  aall  ia  obuinad  wbM  tail 
■Ibcr  ii  ditaolied  ia  ibaolule  alcohol  nnd  ai  nmeh  hydtale  of  potaaaa  ■■  aMrfa 
n  juit  lufficiint  lo  aeulnliie  bnlf  iba  oxalic  acid.  LArhuh  der  dluM.  t  JA 
i.  Ml. 

*  Ann.  ie  Gam.  a  de  Phy:  liiii.  1 13. 

t  FDrttwolherelheraof  thiadiriiioD  mo  7*.  Org.  Beditt.  333. 

t  Pvroiylic  ipirit  ia  eitensiTel;  DMd  bj  hat  miksn,  for  IhajMUpoM  of  AmsMI 
'  ihcl)  lac  Hod  Diailic  lo  iliSen  ball  and  midci  tbam  vater |in»rr  ■iiiiijiaa  tttmt 
Ian  n  Suid  of  higher  *p.  gr.  aad  lomr  boiling  pdtnt  la  obtained  hj  iHilillsla*  kv* 
luraiin;  lb?  punfied  iicid  wiib  ilidird  lime,  aod  •ubaeqocnl  disUUalioa  as  l^aw^ 
prodaci  i»  of  Irai  sp.  gr,  than  valrr,  Thii  praduci  i>  rectiflad  in  a  alili,  caaAic' 
■  boiler  and  r«cliBer  dT  copper  of  pecallir  Gm>lnKti«  placad  in  a  tmth  tt  g— .■! 

kf  pi  al  (utb  a  iein«rM<i;itc  ai  will  condenae  waiu,  hot  ntaia  tb*  ~        ~  '"" 

Unci*  iolha  slauof  Taponrlill  Ihej  paai  the  lail  put  of  tbaapnwa 
ooobd.    Bt*  R«i.  Bril.  Attet.  lUt,  to. 
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other  ingredieot,  the  carbo-hydrogen.*  When  alcohol  is  osed  defiant     8tct.L 
ga^t  is  converted  into  ether ;  but  when  pyroxylic  spirit  is  used,  the 
compound  is  CgHiO,  or  it  contains  an  atom  of  olefiaut  gas  less  than 
ether.  I 

2030.  When  pyroxylic  spirit  is  made  to  act  on  the  hydracids,  a  Action  on 
•et  of  compounds  is  formed  very  analogous  to  the  ethers  which  the  bjrdrtdds. 
tame  acids  form  with  alcohol     Dumas  and  Peligot  consider  them 
as  compounds  of  the  hydracid  and  a  base  which  they  term  methy' 
iene.i 


CHAPTER  Vm. 
Section  I.     Colouring  Matters. 


3031.  A  great  number  of  vegetable  principles  are  comprised 
under  the  term  colouring  matter,  and  are  extensively  employed  in 
the  processes  of  dyeing  and  calico-printing.lF 

2032.  Some  of  these  are  used  as  chemical  re-agents  and  for  test* 
ing  the  presence  of  acids  and  alkalies.  The  infusion  of  red  cabbage 
hat  been  already  described  (56  n.) ;  the  colouring  matter  of  violets 
may  be  used  for  the  same  purpose. 

8033.  Litmus  is  the  blue  colouring  matter  prepared  from  the  lichen 
roedla  which  grows  in  the  Canary  islands,  and  the  lecanora  tartarea  ^^^s* 
which  is  collected  in  Norway.  From  the  latter  is  also  prepared 
tudhear^*^  the  colour  being  developed  by  the  aid  of  ammonia.  The 
colouring  matter  of  the  leconora  has  been  termed  erythrin^  and  that 
of  archil  orctn. 

2034.  Litmus  is  more  easily  affected  by  acids  than  the  colouring  ^^    ^ 
matter  of  cabbage,  but  is  not  turned  to  a  green  by  alkalies.     If  pre*  tcids  tod 
▼ioosly  reddened  by  acids,  it  may  be  used  for  detecting  alkalies,  the  Alkalies. 
original  blue  tint  being  restored.tt 

*  Carbo-hydrogen  is  the  name  applied  by  Thomson  to  the  sas  eTolved  when  pvmxy- 
lie  spirit  is  treated  with  aqaa  regia,  it  is  composed  of  1  toI.  oT  carbon  Tapoar  and  1  toI. 
•f  liydroten  gas. 

t  Deuiocarhokydngen  of  T. 

t  Tlus  is  the  same  thing  in  both  cases  as  abstracting  one  half  of  the  water  which 
IIm  rairit  coouined.    But  in  reality 

Alcohol  U  C4  Hs  O  +  H  O 

While  this  gas  is    .  Cs  Ht      +  H  O  T.  350. 

f  Por  details  see  T.  Or/f.  Bodiety  860. 

I  Aeeione.  CtHsO.   This  name  is  given  to  what  was  termed  pyrthoeeik  tpirit^  and  ^^^.^ 
WBseh  is  obtained  by  heating  seTeral  acetates.    It  is  a  transparent,  Tolatife  and  in- 
flBflMoable  liquid,  snteriag  into  combination  with  water,  alcohol,  ether  and  some  Tola* 
lUeoUs. 
Jfotte  is  a  product  of  the  distillation  of  wood  named  from  fieairffg  a  mecUaior. 
V  F6r  a  more  particular  description  of  the  Tarious  colouring  matters,  and  of  the  pro- 
I  followed  for  their  extraction  and  fixation,  constituting  the  art  of  dyeing,  the 
jt  most  be  referred  to  Thomson's  Orjrontc  Chemistry,  367.    Ure*s  Did.  qfArii 
Man^f.    Berthollet  on  Dyeing,  and  Thomson  on  Calico -printing'  in  RecordM  q/ 
ere/  Science^  Vols.  i.  ii.  iii. 

•*  First  called  Cuihbtri  from  Dr.Cuthben  Gordon  who  first  made  iL 

tt  To  prepaie  test  papers,  rab  some  good  Htmos  with  hot  water  in  a  mortar,  poor  ..^  . 

Ih0  siztwe  mto  tn  evaporatiBg  haeiB,  and  add  pare  water  ttotil the  proportim  it aboM  Sii^^ 
Mf  a  pint  for  eneh  onace  of  linrae.    Ceter  it  np  and  keep  wnnn  fcr  an  boor,  then 
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Cohuring  MitUeri. 


Tarmeric. 


Lakes. 

Dyeing. 


Mordants. 


SabsttDtiTe 
colours, 


AdyectiTe. 
Bleaching. 

Red  dyes, 


2035.  Turmeric  is  the  root  of  the  curatma  ionga^  a  plant  prov- 
ing in  the  East  Indies.  It  is  yellow  and  its  colouring  matter  ha 
heen  called  curcumin;  it  is  imparted  to  hoiling  alcohol  and  s^t* 
rated  by  ether  from  which  it  is  obtained  by  distillation.  It  is  chaii|il 
to  brown  by  alkalies  and  some  neutral  salts. 

2036.  Many  colouring  matters  have  a  great  attraction  for  metiSe 
oxides,  combining  with  them  when  they  are  separated  from  9oliitMi 
in  which  both  the  colouring  matter  and  the  oxides  have  been  pie 
viously  dissolved ;  thus  when  potassa  is  added  to  a  solution  cooti» 
ing  hydrochlorate  of  tin  and  litmus,  the  potassa  unites  with  the  hj- 
drochloric  acid,  litmus  and  oxide  of  tin  falling  down  in  combinatioa 
The  precipitates  thus  obtained  art  called  lakes, 

2037.  On  this  property  are  founded  many  of  the  procenes  ii 
dyeing  and  calico-printing.  The  art  of  the  dyer  consists  in  gifiaf 
a  uniform  and  permanent  colour  to  cloth.  This  is  sometimes  eftei- 
ed  merely  by  immersing  the  cloth  in  the  coloured  solution  ;  when* 
as  in  other  instances  the  affinity  between  the  colour  and  the  Stn 
of  the  cloth  is  so  slight,  that  it  only  receives  a  stain  which  if » 
moved  by  washing  with  water.  In  this  case  some  third  subslaixr 
is  requisite,  which  has  an  affinity  both  for  the  cloth  and  colooriaf 
matter,  and  which,  by  combining  at  tho  same  time  with  each,  trnj 
cause  the  dye  to  be  permanent.  A  substance  of  this  kind  was  ftr- 
merly  called  a  mordant;  but  the  term  basiSf  introduced  by  Heoiyi 
now  more  generally  employed.  The  most  important  bases,  and  indm 
the  only  ones  in  common  use,  are  alumina,  oxide  of  iron,  and  txok 
of  tin.  The  two  former  are  exhibited  in  combination  either  «iik 
the  sulphuric  or  acetic  acid,  and  the  latter  most  commonly  as  ik 
chloride. 

203S.  SubstaTitice  colouring  matters  include  those  which  have  so 
strong  an  attraction  for  cloth,  that  they  can  attach  themselves  ts  it 
permanently,  and  without  the  action  of  any  other  substance,  tf 
indigo. 

Those  which  require  a  mordant  are  termed  adjective  colouriif 
matters. 

2039.  Colouring  matters  are   bleached    by   chlorine,   which  is 
usually  employed  in  union  with  lime  (901) ;  sulphurous  and 
other  acids  are  also  used  to  remove  colour. 

2040.  For  red  dyes,  Brazil  wood,  lac,  archil,  madder  and 
neal,  are  the  principal  colouring  matters  in  common  use.  The 
neal,  is  procured  from  an  insect,  which  is  believed   to  deriie  in 
colouring  matter  from  a  particular  vegetable  principle  upon  wfakkit 
feeds. 


decant  the  clear  liquor,  and  pour  fresh  hot  water  upon  the  resufoe.  Cover  op 
worm  as  beiore.  evaporate.  These  operationi  are  to  be  repomted  Qntil  mil  ibi 
is  remoTcd.  The  first  solution  is  to  be  kept  apart  from  the  aecond  and  ihiid, 
maT  be  mixed  and  reduced  bj  evaporation  until  a  piece  of  fillerinf  paper  dMi* 
ana  dried  is  of  a  blue  colour.  Paper  is  then  to  be  dipped  into  the  atSotioa:  ^vi^ 
he  bibulous  and  not  sized.  The  solution  should  be  poured  iuto  a  dish  anl  tie 
be  drawn  through  it  piece  by  piece,  be  drained,  and  dried  where  no  acid  fniMa  m 
of  burning  charcoal  can  have  access  to  it.  As  soon  as  dry  the  paper  aboaid  be 
in  a  well  closed  tin  box.  The  tint  oo^ht  to  be  a  para  blae,  aaa  can  ba  jmipd  V  ^ 
applying  a  drop  of  very  weak  acid  which  shoold  prodooe  a  Tind  lad.    ^  " 

par  u  prepand  in  a  similar  manner.    See  Fiuaday'a  Ckeau  iMh^p.  tn. 


804L    Yeilow  dyes  are  procured  priiici|MiUy  from  saffron,  hiecory. 


467 


quercitron  bark,  turmeric,  fustic  and  annatto.  r«llow, 

3042.    Black  dyes  are  made  with  the  same  materials  as  writing  Bladi, 
ink,  logwood  and  madder  are  also  employed  with  oxide  of  iron. 

2043.  Bine  dyes  are  commonly  prepared  with  Prussian  blue  or  Blue, 
indigo.  Three  different  colouring  principles  hare  been  detected  in 
indigo,  indigo  blue,  indigo  red  and  indigo  brounv  It  is  obtained 
from  an  American  and  Asiatic  plant  the  Indigqfcra,  and  the  N&' 
riumtinctorium  ;  an  inferior  sort  is  prepared  from  the  Isatis  Hnctaria 
or  wood,  a  native  of  Europe. 

2044   Indigo  CitH«NOi  as  it  occurs  in  commerce,  is  far  from  being  Indigo. 
pare,  more  than  half  its  weight  consisting  of  matter  destitute  of  a  blue 
colour  and  incapable  of  being  used  as  a  dye  stuff.     Part  of  these 
impurities  may  be  dissolved  by  water,  part  by  alcohol,  and  part  by 
dilute  acids  and  by  alkaline  leys. 

2045.   The  b«tt  way  of  obtaining  pure  indigo,  ia  from  the  calioo-printeiw*  Obuined 
▼at,  in  which  the  indigo  haa  been  deprived  of  ita  blue  colour  bv  aulphate  of  iron  pore, 
and  ia  held  in  aolution  oy  meana  of  lime  water.  The  colour  of  tniaaolution  ia  yel- 
low.   If  a  quantity  of  it  be  put  into  an  open  veaael  it  abaorba  oxygen  from  the 
ataio^here  and  tne  indigo  precipitatea  of  a  blue  colour.    If  the  precipitate  be 
digeated  in  hydro-chloric  acid,  waahed  and  dried,  it  ia  pure  indigo. 

2046.  Indigo  sublimes  in  long  flat  needles  at  about  660^,  its  va-  Sublimed 
pour  is  transparent  and  reddish  violet.     It  melts  and  is  decomposed  indigo- 
at  nearly  the  same  temperature.      The  sp.  gr.  of  sublimed  indigo 

is  1.35. 

2047.  It  is  insoluble  in  water,  but  soluble  in  sulphuric  acid,  the  Solability, 
indigo  being  changed  into  what  has  been  termed  cerulin.^    It  is  de-  ^^ 
composed  by  nitric  acid,  with  the  formation  of  indigotie  and  cenrbor 

Z9iic  acids, 

2048.  When  treated  with  something  capable  of  abstracting  oxy-  Action  of 
gen,  it  assumes  a  white  or  yellowish-white  colour,  and  becomes  solu- ^^gg^^gy 
Ue  in  the  different  bases.     This  white  substance  has  been  called  by 
Liebig  indigogen,  it  does  not  alter  by  exposure  to  dry  air,  but  when  indigogeo. 
placed  under  water  assumes  a  deep-blue  colour  and  acquires  a  cop- 
pery tint  when  dried.     It  dissolves  in  alkalies,  but  does  not  neu- 
tralize them.     It  is  soluble  in  alcohol,  but  insoluble  in  acids  and 

water. 

Fill  one  leg  of  a  typhon  with  a  aolution  of  indigoren  in  lime  water,  and  the  ^^p, 
oiker  leg  with  hydrochloric  acid,  the  indigogen  will  aeparate  in  white  floeka. 
Babstitute  nitric  acid  for  hydrochloric,  the  precipttate  will  become  blue  and  grip 
4aally  diaappear. 

Make  a  aoiution  of  indigogen  in  lime  water,  paaa  oxygen  gaa  into  it,  it  will  be  g^p. 
^ksorbed  and  indigo  be  reprMuced  and  precipitated. 

2049.  Cerulin  is  precipitated  from  the  solution  in  sulphuric  acid  ctniiB. 
by  any  salt  of  potassa  forming  ceruleO'Sulphate  ofpotassa,  of  so  deep 

a  blue  colour  that  when  moist  it  appears  black.     Water  in  a  wine 
ghas  containing  ywVDTr^^  ^^  '^^  weight  of  it  is  distinctly  blue.t 

9050.  According  to  Crum  if  the  action  of  sulphuric  acid  on  i"*^'*  pw^^i^ 
go  be  stopped  at  a  certain  point  a  new  substance  is  formed  posaess- 


Muc. 

3       t  Acoordiaf  lo Benalioa  wK— MMligo ia diMPlfed  ia  aalplwrie aeid, two  aawaoids 
H    trnhmtdkyfo-miipho-im  nad  milpfio  indigcik 
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ch*p  IX.  ing  rather  singular  properties.    It  is  formed  at  the  instant  ladifD 

changes  from  yellow  to  blue ;  Crum  has  called  this  pheniein,^ 

Ums  of  in-     2(>51.  Jadigo  is  used  for  dyeing  woollen,  silk,  linen  and  eoaoi 

digo.  blue.     Tg^eoi^ble  it  to  combine  with  the  cloth,  it  must  be  in  a  tttt 

of  solutiqn  and  this  state  is  induced  in  two  ways.     1.  The  indiga  a 

deprived  of  its  oxygen,  and  reduced  to  the  state  of  indigo^en ;  ihii 

combines '  wkh  alkalies  and  forms  a  compound  soluble  m 

2.  The  indigo  is  dissolved  in  sulphuric  acid,  as  in  dyeing 

blue.t  T. 

Different         2052.  By  combining  red,  yellow,  blue  or  black  colouring 

tmtsproda*|^}[  other  tints  maybe  produced,  and  by  varying  the  strength  rf 

the  colouring  matter,  or  the  strength  of  the  mordant,  different  ilnfa 

of  the  same  colour  may  be  had.t 

Anotta.  2053.  Anoita  or  Kocou  is  a  name  given  to  the  pulp  of  the  tedi 

of  the  hixa  oreUena  a  South  American  shrub.     It  dissolves  in  sni 

quantity  in  water,  better  in  alcohol,  and  the  solution  is  oranse  jri- 

low.     It  is  often  adulterated  with  powder  of  bricks,  dec. ;  the  nasda 

detected  by  exposing  anotta,  previously  dried  at  212^,  to  a  red  hoi 

till  it  is  quite  burnt.     If  the  anotta  be  pure  the  residual  matter  wl 

not  exceed  13  per  cent. ;  all  over  that  is  adulteration.^ 

Saffiron.  2054.  Saffron  consists  of  the  dried  stigmas  of  the  croau 

The  colouring  matter  is  termed  polychrdite  on  account  of  the  ni 
rous  colours  which  it  is  capable  of  assuming.     It  is  obtained  fiw 
the  watery  infusion  of  saflron  by  evaporation,  digestion  of  the  na* 
duum  in  alcohol  and  evaporation. 
Chlor-  2055.  Chlarophyllite,oi  ChromuUie  is  the  term  applied  to  the  giMt 

opbyllite.    colouring  matter  of  vegetables ;  in  the  autumn  it  is  reddened  l^thi 

production  of  acid. 
Chromale.       2056.  Chromvle  is  the  name  given  to  the  various  coloured  pofi* 
ciples  obtained  from  the  leaves  and  flowers  of  plants. 


CHAPTER  IX. 

Section  I.     Oleaginous  Substances. 

Oils,  their  2057.  Oils  are  characterized  by  a  peculiar  unctuous  feeL  by  ir 
character!,  flammability  and  by  insolubility  in  water.  They  have  heen  diviU 
into  fixed  and  volatile  oils,  the  former  being  comparatively  fixed  ii 
the  fire  and  giving  a  permanent  greasy  stain  to  paper,  while  the  hi* 
ter,  owing  to  their  volatility  produce  a  stain  which  disappeais  )ff 
gentle  heat. 

*  Ann»  Philot,  3d  aeries,  t.  96.    Berzelins  caUs  it  the  purple  qfindign.    IVaKrA 
Chim,  Ti.  98. 

t  For  details  see  T.  Or^.  Bodies ^  381. 

iftDthiD.  t  Zartthin  is  obtained  from  madder  and  is  yellow ;  the  other  ookMninf 

this  root  is  aiizarin  and  is  red. 
CftrthAJBia.  Corthamin  is  the  red  colouring  matter  of  safflower.     From  this  roi^^  ii 

the  carthamin  being  ground  with  talc, 
flasatia.  Hamotin  is  the  ooiooring  matter  of  logwood ;  BraeUin  of  BtomU 

of  Redtanien, 

I  Jour,  ds  Pharm.  xxiL  101 . 


Fixed  OiU.  469 

•  ■ 

8066.  There  seems  little  reason  to  doubt  that  the  8ked  oils  coH'    »•«.  i. 
stitute,  in  reality,  salts,  or  rather  each  oil  is  a  mixttire  of  two  or 
more  salts,  if  the  term  salt  can  be  applied  to  the  compounds  of  the 
oily  acids  with  glycerin^  which  acts  the  part  of  a  base.     T.  487. 

2059.  The  fixed  oils  are  usually  contained  in  the  seeds  of  plants,  Fixed, 
as  for  example  in  the  almond,  linseed,  rape-seed,  and  poppy-seed ; 

but  olive  oil  is  extracted  from  the  pulp  which  surrounds  the  stone.  ObuiiMd, 
They  are  procured  by  bruising  the  seed,  and  subjecting  the  pulpy 
matter  to  pressure  in  hempen  bags,  a  gentle  heat  being  generally 
employed  at  the  same  time  to  render  the  oil  more  limpid. 

2060.  Fixed  oils  are  nearly  inodorous,  have  little  taste,  and  are  Propenict. 
lighter  than  water,  their  density  in  general  varying  from  0.9  to  0.96. 

Some,  such  as  cocoa-nut  and  palm-oil,  are  fixed  nt  50°  or  60 ;  but 
most  of  them  are  fluid  at  common  temperatures,  and  they  all  be- 
come limpid  ill  becoming  warm.  They  are  commonly  of  a  yellow 
colour,  but  may  be  rendered  nearly  or  quite  colourless  by  the  action 
of  animal  charcoal.  At  or  near  600**  they  begin  to  boil,  but 
•ufier  partial  decomposition  at  the  same  time,  an  inflammable  vapour 
being  disengaged  even  below  500^.  When  heated  to  redness  in 
dose  vessels,  a  large  quantity  of  the  combustible  compounds  of  car- 
bon and  hydrogen  is  formed,  together  with  the  other  products  of 
the  destructive  distillation  of  vegetable  substances ;  and  in  the  open 
air  they  burn  with  a  clear  white  light,  and  formation  of  water  and 
carbonic  acid.  They  may  hence  be  employed  for  the  purposes  of 
artificial  illumination,  as  well  in  lamps,  as  for  the  manufacture  of 
gas. 

2061.  By  exposure  to  the  air  they  absorb  oxygen,  become  rancid  Effect  of 
and  sometimes  assume  a  waxy  consistence.     Some  few,  such  as  lin-  ^^• 
seed,  and  nut-oil,  and  the  oils  of  the  poppy  and  hemp-seed  become 
covered  with  a  pellicle,  and  when  thinly  spread  upon  a  surface,  in- 
stead of  remaining  greasy,  become  hard  and  resinous  ;  these  are 
termed  drying  oils,  and  their  drying  quality  is  much  improved  by  Drjjngoiis. 
boiling  them  upon  a  small  quantity  of  litharge.^ 

2062.  The  absorption  of  oxygen  by  fixed,  and  especially  bv  dry-  Spontane- 
ing  oils,  is  under  some  circumstances  so  abundant  and  rapid,  and  ous  com- 
accompanied  with  so  m\ich  heat,  that  light  porous  combustible  male-  **""'**"• 
rials,  such  as  lampblack,  hemp,  or  cotton-wool,  may  be  kindled  by 

iL  Substances  of  this  kind,  moistened  with  linseed-oil,  have  been 
known  to  take  fire  during  the  space  of  24  hours,  a  circumstance 
which  has  repeatedly  been  the  cause  of  extensive  fires  in  warehouses 
and  in  cotton  manufactories. 

8063.  Nitric  acid  acts  with  great  energy  on  the  fixed  oils.     In  a  j^^tion  of 
•mall  proportion,  its  chief  eflect  is  to  render  them  thicker.     Red  and  nitric  acid, 
wnoking  nitric  acid,  when  suddenly  mixed  with  a  fixed  oil,  especially 
with  the  addition  of  a  little  sulphuric  acid,  occasions  a  violent  com- 

*  The  drying  oils,  and  especially  nat-oil,  foim  the  basis  of  printcr*$  ink,  tlie  histoir  p,f^(«„f  |.k. 
«f  which  will  tte  found  ia  Lewis's  Phil.  Commerce  qfthe  ArU,  The  oil  is  heated  and 
■■I  lira  to,  and  after  haring  been  suffered  to  bum  for  half  an  hour  is  extinguished,  aiid 
boiUpd  till  it  acquires  a  due  consistency;  in  this  state  it  is  called  FomuA,  and  is 
vineid,  teoacious,  and  easily  miscible  with  frash  oil,  or  with  oil  of  turpeotiiie,  by 
vbich  it  is  properly  thinned,  and  aJftcrwards  mixed  with  rotin,  aoap,  and  Ikmp-black. 
8m  also  Ure*s  Did,  Aria  and  Mam^f.  1031. 
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ch»p.ix  bostioD.  Chlorine  gas,  passed  through  them,  thickens  tbenif  aaim* 
ders  them  tenacious  like  wax. 

Bfhet  of         2064.  Fixed  oils  are  converted  into  a  peculiar  kind  of  acidii*  mi 

Jt^  glycerin  when  heated  with  the  fixed  alkalies  and  water.     The  aciii 

uniting  with, the  alkali  constitute  soap,  the  glycerin  remains  la  mkt 
tion.     The  acids  are  the  marfifaric,  stearic  and  oleic. 

Ste8riB«         2065.  The  researches  of  Chevreul  on  the  nature  of  oils  sad  hi 

tnd  Oleine.  ]^^yq  shown  that  these  bodies  are  compounds  of  at  least  two  olhc 
compounds,  one  of  which  is  solid  at  common  teinpetatnres,  nUi 
the  other  is  fluid.  To  \he  former  he  applied  the  name  of  Umrim, 
from  (TTBag  ntet,  and  to  the  latter  elaine  or  oUimet  from  ahum  A 
Oleine  is  the  fluid  principle  of  oils,  and  gives  fluidity  to  those  «b 
in  which  it  predominates.  It  requires  a  cold  of  90^  for  congebMi, 
and  is  prepared  from  oils  by  exposing  them  to  a  cold  of  aboat  V, 
and  pressing  the  congealed  roast  between  folds  of  bibulous  papa; 
when  the  oleine  is  absorbed,  and  roav  be  separated  bj  pressing  ik 
paper  under  water.  Oleine  is  well  adapted  for  lubricating  tht 
wheels  of  watches  or  other  delicate  machinery,  since  it  does  art 
thicken  or  become  rancid  by  exposure  to  the  air.t 

CrotoD  oil.  2066.  Croton  oU,  is  obtained  from  the  seeds  of  the  crotan.  HgSmk 
a  tree  growing  in  the  East  Indies.  It  is  yellow,  of  an  acrid  tstt; 
soluble  in  alcohol  and  ether.  Its  purgative  qualities  are  owing  tea 
portion  of  crotonic  acid  dissolved  in  the  oil.  A  single  drop  genenlh 
acts  as  a  purgative. 

Olive  oil.  2067.  Olive  oil  is  expressed  from  the  pericarpium  of  the  frail  d 
the  olea  europea,  or  common  olive.  Its  sp  gr.  at  77^  is  .9109,  it 
congeals  at  26°  depositing  little  spheres  of  stearin. 

ActioD  of       fM68,  IBy  the  action  of  hyponitrous  acid  on  olive  oil  a  solid  ii 

hmiitrous  formed  which  has  been  called  daidin  ;  it  is  saponifled  by  potasn 
soda,  glycerin  being  evolved  and  a  fatty  acid  which   combines 
the  alkali  and  forms  soap.     The  acid  has  been  called  the 
acid. 

Pftlm  oil.  2069.  Palm  oil  is  one  of  the  solid  oils  snd  is  extracted  from  ib 
cocos  butyracea  ;  it  is  yellow  and  has  the  consistence  of  lard,  b  ii 
said  to  be  composed  of  stearine  31,  elaine  69.  It  is  used  in  tht 
manufacture  of  yellow  soap. 

Cocoa  oil.  2070.  Cocoa  nut  oil  is  white  and  hard,  and  contains  both  elski 
and  stearin.  It  is  used  as  a  substitute  for  tallow.  The  stearis  ii 
used  as  a  substitute  for  wax  in  the  manufacture  of  candles. 

Wax.  2071.  Wax  diflers  from  the  solid  vegetable  oils  in  its 

and  in  the  way  in  which  it  combines  with  alkalies  ;  but  it 

bles  them  so  much  that  an  accurate  line  of  separation  eanneiki 

drawn. 

Bettwaz.        2072.  Be^i  vmx,  though  an  animal  production,  agrees  so  c\mif 
with  wax  from  plants,  that  it  would  be  improper  to  aeparals 
It  is  sn  exudation  from  the  rings  in  the  abdomen  of  bees. 

*  See  OOy  Acid*. 

t  The  watchmakers  inirify  olive  oil^  by  placinf  it  in  a  phial  aloof  vith  a  ^ 
lead ;  after  being  corked  it  b  exposed  in  a  window  to  the  duect  raja  of  ckt  saa.  i 
cheesy  matter  separates,  the  oil  loaas  its  eokrar  and  bseomaa  limpid.  Tkt  chvil 
is  poorsd  off  and  kept  for  nse. 
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M73.  Yellow  wix  ia  porified  by  fasion  in  water  and  casting  into    Btcta 
thin  ribbons  which  are  exposed  to  light  and  moisture  by  which  it  is  Purified. 
Ueacbed.     When  pure  it  has  no  taste  or  smell,  unbleached  wax 
fbeet  at  142^,  if  bleached,  at  16F ;  the  sp.  gr.  of  the  former  is 
•boot  *.9600,  of  the  latter  .8209.    It  is  insoluble  in  water,  but  soluble 
in  boiling  alcohol. 

9074.  Bee's  wax  has  been  stated  to  contain  two  distinct  kinds  of  Cerin  ind 
vmit  called  eerin  and  myrtem.*     Cerin  is  soluble  in  fixed  and  vola-  "lyncin. 
tik  oils,  insoluble  in  water,  cold  alcohol  and  ether,  and  of  the  con- 
•iatence  of  wax.    It  unites  with  caustic  alkalies  and  forma  a  soap. 
Il  Ibaes  at  143j^^ 

2075.  Myridn  fuses  at  149°,  at  common  temperatures  is  insoluble 

10  okohol.     It  cannot  be  converted  into  soap  by  caustic  potassa. 

Aoeording  to  Hess  100  parts  of  wax  are  composed  of 

Hydrogen,  .  .  .  •  .  12.95 

Carbon      ......  79.77 

OxygeD 7.33» 

3076.  MyriU  wax  is  obtained  from  the  myrica  cerifera^  a  shrub  jn-^ie 
that  is  common  in  the  United  States.     The  wax  is  separated  from  ^u. 
the  berries  hs  means  of  hot  water. t 

2077.  (roiactin,  or  cauhtree  vfox  exists  in  the  milk  of  the  cow  tree 
Gtdactoderdron  utiU,  a  large  tree  resembling  the  fig,  which  grows 
in  South  America. 

Section  II.     Volatile  Oils. 

2078.  The  volatile  oils  may  be  divided  into  three  sets  ;    1.  Those  Volatile 
thot  contain  only  carbon  and  hydrogen  ;  they  are  lighter  than  water,  oils. 
oad  seem  to  have  the  property  of  combining  in  definite  proportions 

with  acids.  Hence  they  are  probably  bases  or  analogous  to  bases. 
%  Those  that  contain  carbon,  hydrogen  and  oxygen.  They  are  pro- 
bobly  as  heavy,  or  heavier  than  water,  and  seem  to  have  the  pro- 
otrty  of  combming  in  definite  proportions  with  bases,  and  are,  there- 
mt«  analogous  to  acids.  3.  Vesicating  oils.  They  contaia  sulphur, 
oad  probably  also  nitrogen. 

2079.  These  oib  are  generally  obtained  by  distilling  the  Fif.  196. 
~~tB  which  afibrd  them  with  water  in  common  stills ;  the          ^    ^  ttined. 

and  oil  pass  over  together,  and  are  collected  in  the 
rsetpisiil  shown  in  Fig.  196,  in  which  the  water  ha- 


vioc  reached  the  level  a  6,  runs  off  by  the  pipe  e,  and  the 
ail  being  generally  lighter  than  water,  floats  upon  its  surface 
la  tlie  space  d.    The  whole  contents  of  the  recipient  are 


poured  into  a  funnel,  the  tube  of  which  is  closed  with 
tiM  finger,  and  when  the  oil  has  collected  upon  the  surface. 
tiM  water  is  suffered  to  run  from  it,  and  the  oil  transferred 
!■!»  a  bottle.  The  distilled  water  being  saturated  with  the 
eil,  should  be  retained  for  a  repetition  of  the  distillation. 
Tm  produce  of  oil  is  sometimes  increased,  by  adding  salt 
to  the  water  In  the  still,  so  as  to  elevate  its  boiling  point  a  few  degrees. 

^  According  to  late  experiments  of  Hess  bee's  wax  when  pure,  is  always  of  the 
~    ooostitution,  bat  by  oxidation  is  converted  into  an  acid. 


t  Aceordisff  to  Bttliog's  analyais,  cerin,  mynctn  and  oarain  aia  iaomariffi  bodaaa,  and 
~       dofCuHifO. 


tBm  Dua'a  analysis,  Amtr.  Jew,  i.  SM. 
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Adaltere 
UoD. 


caap-ric.  Some  of  the  vojatlle  oils  are  obtaiaed  by  expresrion,  mich  as  &bk 
of  lemoTit,  orange,  ifnd  bergamott  which  are  contained  in  distinct  j^ 
sides  in  the  rindi>f  those  fruits. 

20Sr .  The  volatile  oils  vary  considerably  in  specific  granty,  n 
will  be  seen  by  referring  to  the  TahUi,  * 

The  volatile  oils  have  a  penetrating  odoor  and  taste,  and  are  ga» 
rally  of  a  yellowish  colour ;  thev  are  for  the  most  part  verjr  nMk 
in  alcohol,  and  very  sparingly  soluble  in  water ;  these  solutions  cds* 
stitute  perfumed  egsehces  ttnd  distilled  toatert.  The  latter  are  priao- 
pallv  employed  in  pharmacy,  and  the  former  as  perfumes. 

When  pure  they  pass  into  vapour  at  a  temperature  somewkt 
below  that  of  212^,  when  distilled  with  water,  tney  pass  over  at  h 
boiling  point.  They  are  inflammable,  and  water  and  carbonic  Kid 
are  the  results  of  their  perfect  combustion.  As  many  of  these  A 
bear  a  very  high  price,  tbey  are  not  unfrequently  adulterated  with 
alcohol  and  fixed  oils.  The  former  addition  is  rendered  evident  bf 
the  action  of  water ;  the  latter  by  the  greasy  spot  which  they  letw 
on  paper,  and  which  does  not  evaporate  when  gently  heated. 

2061.  Nitric  and  sulphuric  acids  rapidly  decompose  the  vohtiif 
oils. 

A  mixture  of  four  parts  of  Ditric,  and  one  of  nlphuiie  acid,  poured  iilit 
fmall  quantity  of  oil  or  turpentine,  produces  instant  inflammation. 

2082.  The  relative  quantity  of  essential  oils,  furnished  fiom  St 
ferent  materials,  is  liable  to  much  variation ;  the  products  of  1  cvL 
of  the  different  vegetable  substances  are  given  below.^ 

2083.  Oil  of  turpentine  is  obtained  from  turpentine,  a  visdd, 
transparent,  semifluid  substance,  which  exudes  from  various  speeia 
of  the  genus  pinus.  Common  turpentine  of  the  shops  liows  by  iDO- 
sion  from  the  pinus  ahies  and  pinus  sylvestris.  To  obtain  the  voh' 
tile  oil,  called  oil  of  turpentine,  the  turpentine  is  mixed  with  wsitf 
and  distilled.  The  oil  comes  over  with  the  water,  and  the  residor 
is  common  rosin. 

2084.  Oil  of  turpentine  absorbs  a  large  quantity  of  bydroehknc 
acid,  and  forms  a  crystallizable  substance  resembling  camplMr. 
From  the  analysis  of  artificial  camphor  it  is  probable  that  pure  oil  of 
turpentine  is  CsqHis. 

2085.  Oil  of  turpentine  begins  to  boil  at  SIS'* ;  if  the  ebullitkiB  if 
continued  the  temperature  rises  to  360^,  or  even  higher,  showingtht 
presence  of  more  than  one  volatile  oil.  The  sp.  gr.  of  its  vapour  tf 
313**  is  4.83  air  =  1. 


Bzp. 
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2066.  It  takes  fire  in  chlorine,  giving  out  much  fmoke.    It  die-    ^klu. 
solves  iodine.*  [ 

20S7.  Camphors,    The  term  camphor  has  been  applied  by  apo-  Camphon. 
thecaries  to  various  solid  bodies,  which  occasionally  appear  in  vola- 
tUe  oils.     They  are  distinguished,  by  their  great  volatility,  a  strong 
and  peculiar  smell,  by  melting  when  heated,  and  burning  brilliantly 
when  held  to  a  lighted  candle.  i^ 

2068.  Common  Camphor,    C|tH«0|.    In  its  ordinary  state  it  isCommoa 
white,  sepii-transparent,  and  concrete.     lu  specific  gravity  .9687.  It  c*»^P^* 
fuses  at  about  300^,  in  close  vessels.    It  dissolves  in  t^  fixed  and 
▼olatile  oils  and  in  alcohol.     It  is  scarcely  acted  upon  by  the  alka- 
lies ;  some  of  the  acids  dissolve,  others  decompose  it. 

The  camphor  of  commerce  is  obtained  from  the  Laurus  Camphora^ 
and  comes  chiefiy  from  Japan.  It  is  originally  separated  by  distil- 
lation, and  subsequently  purified  in  a  subliming  vessel  somewhat  of 
the  shape  of  a  turnip,  from  which  the  cakes  of  camphor  derive  their 
form.  When  slowly  sublimed  it  crystallizes  in  octobedrons  or  in  six- 
sided  pyramids. 

2069.  The  analysis  of  camphor  by  Dumas  gave  carbon  78L02,  by-  Compoti- 
drogen  10.39,  oxygen  11.59.  tion. 

2090.  Camphrane  was  discovered  in  1835  by  Fremy,  by  passing  Camph- 
fragments  of  camphor  into  a  porcelain  tube,  heated  to  redness,  and  ^^^' 
containing  lime.     It  is  a  slightly  coloured  liquid,  having  the  odour 

'     of  camphor.     It  boils  at  167**. 

2091.  Dumas  distinguishes  by  the  name  eamphogene^  what  he  Camplio- 
considers  as  the  basis  of  camphor.     It  is  a  volatile  oil  composed  of  10  ^^^' 
atoms  carbon  and  8  atoms  hydrogen.     It  may  be  extractea  pure  from 

'    artificial  camphor.     Camphor  consists  of  an  integrant  particle  of 
>     eamphogene  and  an  atom  of  oxygen.t 

2092.  Resins.    Resins  are  the  inspissated  juices  of  plants,  and  Retins, 
K    commonly  occur  either  pure  or  in  combination  with  an  essential  oil. 

V    They  are  solid  at  common  temperatures,  brittle,  inodorous,  and  insi- 
pid.    They  are  non-conductors  of  electricity,  and  when  rubbed  be- 

f    come  negatively  electric.     They  are  generally  of  a  yellow  colour, 

*    and  semi-transparent. 

I        2093.  Resins  are  fused  by  the  application  of  heat,  and  by  a  still 
higher  temperature  are  decomposed.     In  close  vessels  they  yield  em- 

$    pyraumatic  oil,  and  a  large  quantity  of  carburetted   hydrogen,  a 

$    small  residue  of  charcoal  remaining.     In  the  open  air  they  burn 

|i    with  a  yellow  flame  and  much  smoke,  being  resolved  into  carbonic 
acid  and  water. 

y        2094.  Resins  are  dissolved  by  alcohol,  ether,  and  the  essential  SblveattcC: 
oils,  and  the  alcoholic  and  ethereal  solutions  are  nrecipitated  by  wa- 
ter, a  fluid  in  which  they  are  quite  insoluble.     Their  best  solvent  is 
pure  potassa  and  soda,  and  they  are  also  soluble  in  the  alkaline 

*  Th«  ToUtile  oils  are  reiy  oomeroot ;  manr  of  them  hare  been  detcribed  bT  Tbom- 
•OD,  bat  there  are  manj  not  ]ret  described.  Raybaut  of  Paris  has  giren  a  table  of  ao 
frv«r  than  207  Tolatile  oils  prepared  by  himaeif,  with  the  names  of  the  plants  from 
vhieh  they  were  obtained,  and  the  quantity  from  a  given  weight  of  the  plant,  in  tha 
Jbicr.  de  Phann,  u.  444.    See  T.  Organtc  Bodiea,  459. 

t  For  daacffiplioo  of  camphon  from  oil  of  peppennint  tad  otlitr  enasfial  oils,  im 
T.  0»y.  B«fc»,  4M.  "^ 
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oh>p.ix  carboDates  by  the  aid  of  heat.  The  product  is  in  each  ea«e  a  wmfj 
compound,  which  is  decomposed  by  an  acid. 

Concentrated  sulphuric  acid  dissolves  resins  ;  hot  the  acid  and  iki 
resin  mutually  decompose  each  other,  with  disengagement  ofsnU^ 
reus  acid,  and  deposition  of  charcoal..  Nitric  acid  acts  upon  imb 
with  violence. 

Umi.  2095.  The  uses  of  resin  are  various.    Melted  with  wax  aod  «i 

resins  constitute  ointments  and  plasters.  Combined  with  oil  a 
alcohol,  they  form  diflereiit  kinds  of  oil  and  spirit  vamish.  ^  Sealiif 
wax  is  composed  of  lac,  Venice  turpentine,  and  common  resin.  Hi 
composition  is  coloured  black  by  means  of  lampblack,  or  red  bycb- 
nabar  or  red  lead.  Lampblack  is  the  soot  of  impiBrfectly  faonMl 
resin. 

Of  the  different  resins  the  most  important  are  common  rosio.eifdi 
lac,  sandarach,  mastich,  elemi,  and  dragon's  blood. 

Tar  ud  2096.  When  turpentine  is  extracted  Jfroni  the  wood  of  the  fir-occ 

pitch.  by  heat,  partial  decomposition  ensues,  and  a  dark  substance,  coimi* 
ing  of  resin,  empyreumatic  oil,  and  acetic  acid  is  the  product  Tkii 
constitutes  tar;  and  when  inspissated  by  boiling,  it  forms  pitdi 
Common  resin  fuses  at  276°,  is  completely  liquid  at  306®,  and  a 
about  316°,  bubbles  of  gaseous  matter  escape,  giving*  rise  to  the  i^ 
pearance  of  ebullition.  By  distillation  it  yields  empyreumatic  odi: 
in  the  first  part  of  the  process  a  limpid  oil  passes  over,  which  rises  ii 
vapour  at  300°,  and  boils  at  360°  ;  but  subsequently  the  prodoctle 
comes  less  and  less  limpid,  till  towards  the  close  it  is  very  tkidL 
This  matter  becomes  limpid  when  heat  is  applied,  and  boils  at  aknt 
500°  F.  At  a  red  heat  resin  is  entirely  decomposed,  yielding  a  kip 
quantity  of  combustible  gus,  which  has  been  employed  for  the  pih 
pose  of  artificial  illumination.* 

Balsams.  2097.  Balsams,  These  are  semi-fluid  resins  containing  a  vokliie 
oil,  which  may,  in  general,  be  separated  by  distillation,  leaving ikt 
solid  resin.  In  this  division  Thomson  includes  turpentine  io  wUtI 
the  oil  is  united  with  two  resins,  which  Unverdoben  has  diilir 
guished  by  the  names  pinic  and  silvic  acids,  and  Berzelius  bvikt 
ierms  resin  alpha  and  resin  beta.  The  oil  varies  from  6tOHiytf 
cent.,  as  do  the  resins  also. 

Venice  tur-      209S.  Venice  turpentine  is  extracted  from  the  pinug  lariz^  or 

pentine.      mon  larch.     It  is  limpid,  of  a  light  yellow  colour,  and  of  the 

tence  of  honey.  It  contains  from  19  to  25  per  cent,  of  oil  of  tai|R^ 
tine,  what  remains  after  distillation  is  colophon  or  common  ram  k 
dissolves  in  alcohol.t 

Gopaiva.  2099.  Copaiva  is  obtained  from  the  copaifera  officinaKs  and  cm- 
cea;  it  exudes  from  incisions  made  in  the  trunk  of  the  tree,  b  ii 
transparent,  yellow,  of  an  agreeable  smell  and  pungent  taste.  In^ 
gr.  is  0.950.    It  yields  a  volatile  oil  by  distillation. 

Properties.      2100.  It  is  insoluble  in  water,  but  imparts  to  it  its  peculiar  Mf 


*  Id  the  arrangement  of  the  apparatus  for  this  porpoae,  tbe  roain  liqoeCci  bt 
allowed  to  p»ss  into  the  retort  containing  coal  or  coke.  It  has  not  bceo  fa^ 
mical  in  Bngland.    See  Ure's  Diet,  ArU  and  JUanvf.  1076. 

t  Stratbur/r  turpentine  is  eitracted  from  the  pintu  piceo. 
Canada  bauam  ia  ohtaioed  from  the  stma  eanadmMU  aad 
penUneqfCypruiatidChiohmathibpiitaemUrtbiMikm, 
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mod  smell.    It  disMdvet^in  all  proportions  in  absolute  alcohol ;  alec*   «tet.n. 
hoi  ofsp.  gr.  0.848  dissolves  only  the  9th  or  10th  of  its  weight.    It 
dissolves  in  ether  and  fixed  and  volatile  oils.*    It  combines  with  sa- 
lifiable bases.     It  has  a  remarkable  affinity  for  magnesia,  1  part  of 
magnesia  dissolving  in  30  of  balsam  into  a  transparent  liouid. 

2101.  It  is  sometimes  adulterated  with  fixed  oils  ;  which  can  be  Adolterm- 
deteeted  by  alcohol  dissolving  the  balsam  but  leaving  the  oil.     Gas-^^'***^' 
tor  oil  is  however  soluble  in  alcohol,  but  it  may  be  detected  bv  agi- 
tation with  ammonia,  sp.  gr.  .965,  in  a  glass  tube ;  the  solution  is 
Crmnsoarent  if  the  balsam  be  pure,  but  milky  if  it  contains  castor  oil. 

2102.  Balsam  of  Peru  is  obtained  from  the  tnyroxylon  peruiferum  n^^g^Qof 
of  South  America.     Two  varieties  'occur  in  commerce,  one  obtained  pem. 

by  incisions  in  the  tree,  having  a  slight  tint  of  yellow ;  the  other  by 
boiling  the  branches  and  bark  of  the  tree  in  water. 

According  to  the  analysis  of  Stoltze  balsam  of  Peru  is  composed  of 

Volatile  oil      .  .  .  69. 

Resin  very  loluble  io  tlcobol  .907 
Do.      little                               .  2.4 

Benzoic  acid  .6.4 
Extractive  matter        ...  0.6 

Moiiture  .  .  .         0.9 

100. 

The  oil  is  much  less  volatile  than  the  other  volatile  oils,  and  can- 
not be  separated  by  distillation.! 

2103.  The  principal  solid  resins  are,  rosin  or  colophan,  mastichit  Solid  rt- 
oandarach,  elcmi,  guaiacuro,^  storax,  dragon's  blood Jl  benzoin,  and  *i°** 
onime. 

2104.  Copal  is  the  most  important  of  this  class,  it  flows  from  the  ^^V^i 
rkus  copaltnum  and  eldocarpits  copaliferus  ;  the  first  a  native  tree  of 
America,  the  second  of  the  East  Indies.  It  is  white  with  a  tint  of 
brown,  sometimes  opaque,  at  others  nearly  transparent.  It  differs 
fiom  other  resins  in  not  being  soluble  in  alcohol  nor  in  oil  of  turpen- 
tine  without  peculiar  management  Its  sp.  gr.  varies  from  1.046  to 
1JM9. 

2105.  Its  solution  is  much  employed  as  a  varnish,  in  the  forma-  utet. 
iioD  of  which  several  processes  are  followed. H     The  following  me- 
thod is  recommended  by  Lenormand  : 

*8loltze  in  Berlin  Juhrb.  xxvii.  2, 170. 

t  Baitam  of  Tolu  iv  obtained  from  the  tvdifera  tx^'Momum,  it  it  reddi«h  brown,  be- 
4Maet  brittle  by  exposure  to  the  air,  and  has  a  fragrant  odoar.  It  dissolves  in  ether, 
afenliol,  and  the  volatile  oils.    For  other  balsams  see  T.  Org.  Bodiet,  620. 

t  From  late  investi^tion  of  resins  it  appears  that  roa&tich  consists  of  two  resins ; 
dbt  one  soluble  and  aod,  the  other  insoluble  and  not  acid.  Johnson,  in  PhiL  TVims. 
April  1839. 

f  Gnaiacum  is  rendered  blue  by  various  animal  and  ve^table  substances ;  it  becomes  j>^a)ur»tiMi  tf 
*~t  when  rubbed  with  the  gluten  of  wheat,  or  the  farina.    It  is  often  adulterated  with  t„!imt 
imon  rosin.    To  discover  this  fraud,  dissolve  the  guaiacom  in  caustic  potassa :  if 
t  the  solution  is  limpid,  but  muddy  if  rosin  be  present,  as  long  as  there  is  excess  of 
alkali. 

R  Limp  Dragon's  blood  is  the  natural  and  pn^  rs«in,  while  the  strained  and  red  va- 
fWciea.bein^  manufactured  articles,  are  more  or  less  decomposed  :  it  contains  alcohol 
•■d  ether  with  considcriible  tenacity,  but  they  mav  be  expelled  ly  long  exposure  to  a 
tcnperatiire  not  higher  than  200^.    Johnson,  Phil.  TVans.  April  Ifl39. 

V  Nicholaoo's  Jour,  is.  liT,  T.  Org.  Bodiet,  644 }  Neil  in  TVons.  Soe.  qf  AH§, 
ilis.    Ampla  dttaila  for  mftkiag  a  great  variety  of  vamiahes  are  given  in  lira's  Did. 
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Chap. IX.      Drop  upon  the  pitees  of  oopal  pure  eaiential  oil  of  rosemary.    TliOMiiaM 

Solation  of  ^^  '^  aoftened  by  the  oil  are  fit  for  the  parpoae,  the  othen  are  boC    Smw 

copal.  ^^*'"  ^  '^  ^"®  powder;  put  this  powder  mto  a  claai  Teaael  not  thicker  ikait 

'^  '  fiager  breadth ;  pour  oil  of  rosemvy  oyer  it,  andstir  it  about  with  a  glMinf 

In  a  short  time  the  whole  is  converted  into  a  thick  liquid.    Poor  aleobol  oajlii 

liquid  by  little  at  a  time,  incorporating  it,  by  gently  agitating  the  Teai^  liDilii 

of  the  requiaite  thinneap  for  use.* 

Lac.  2106.  Lao  is  an  important  resin  deposited  in  different  trees  id  tke 

East  Indies,  viz.  Jicits  indica,  f.  reUfftosOt  and  rAamnuM  jujuitL  k 
flows  out  in  the  state  of  a  milky  liquid,  in  consequence  of  the  p■l^ 
ture  of  a  small  insect,  the  eoccttrJUus,  on  the  branches  of  these  tisii^ 
made  by  the  insect  in  order  to  deposit  its  ova.  The  varioas  kiadtif 
lac  distinguished  in  commerce,  are  gUekdae^  which  is  the  sobtiaBa 
in  its  natural  state,  investing  the  small  twigs  of  the  tree ;  tttiktt 
which  is  the  same  broken  off;  and  which,  when  melted,  is  csM 
iheU'lac,  These  substances  have  been  examined  by  Hateheo. 
Their  coinponent  parts  are  exhibited  below.t 

SolTenu.  3107.  Water  dissolves  the  colouring  matter  of  lac,  and  alcohol  tk 
resin  which  constitutes  the  chief  ingredient  of  lac.  Asolotioitf 
borax  in  water  dissolves  lac;  the  best  proportions  are  20  grs.  ofte* 
rax,  100  grs.  of  lac,  and  4  ounces  of  water.  This  aolutioo  miiii 
with  lampblack,  constitutes  Indian  ink.  Lac  contains  a  pecofitf 
body  called  laocin. 

Amber.  2108.  Amber  is  a  substance  which,  in  some  of  its  propertieii » 

sembles  resin  ;  it  is  however,  very  sparingly  soluble  in  alcobol»  wd 
difficultly  soluble  in  the  alkalies.     When  submitted  to  distillatisa,  ii 

Soccioie     furnishes  an  acid  sublimate,  which  has  received  the  name  of 

^i<''  acid.    It  is  found  in  beds  of  wood  coal. 


Gum  re- 
sins. 


FoBtid  gam 
retioi. 


SECTION  III^     Gum  Retitu^ 

8109.  The  term  gvm  resin  is  applied  to  a  number  of  coocieto  vs» 
getable  juices  which  contain  various  proportions  of  resin,  gum,  wd 
other  vegetable  principles.  They  are  opaque,  solid,  brittle,  or  som- 
times  with  a  fatty  appearance.  They  are  less  combustible  tkaa  the 
resins ;  they  do  not  melt  like  resins  but  are  softened  by  Iwat,  wd 
•well.  They  burn  with  flame.  They  are  partially  soluble  io  wmi 
and  alcohol.  The  aqueous  solution  is  milky,  the  alcoholic  tnnipi 
rent,  but  becomes  milky  on  dilution.  Their  best  solvent  is  dite 
alcohol. 

21 10.  Those  gum  resins  which  have  a  fetid  or  alliaceous  odouriOt 
ammoniac,  galbanum,  assafostida,  opoponax,  and  sagapenam.  Ik 
stimulating  gum  resinst  are  olibanum,  myrrb,  euphorbium.  ii' 
bdellium  ;  the  first  is  the  frankincense  of  the  ancients. 


*Jowr.  de  OUm,  iii.  218. 

Stkk-Lae. 

tRetmi        .        .        .        68  .        .        .        88.6 

Colouring  matter       .        10  .       .       .         S.6 

Wax           ...         6  .        .        .         4.6 

Gluten         .        .        .       6.6  .        .        .          2.0 

Foreign  bodies   .        .      6.6       «       .       ^       

Loea          .        .        .      4.0  .        .        .         8.6 

too  IM 
tOfThoauoo. 


u 


IJ 
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2111.  The  cathartic  gum  resiDs  are  aloes,  scammony.  and  gam«   ^^^  ^V- 
boge.     The  sedative  gum  resins  are  opium,  lactucarium^  and  upas. 

2112.  Of  the  sedative  gum  resins  opium  is  the  most  important ;  Opium. 
it  is  the  milky  juice  of  the  papaver  somniferum,  inspissated  into 

a  dark  coloured  solid  by  exposure  to  the  atmosphere.  Its  best  soU 
▼ent  is  common  spirits.  Its  principal  constituents  have  been  al« 
ready  described.    It  differs  much  in  its  qualities. 


Section  IV.    Netttral  Vegetable  Principles. 

2113.  Neutral  vegetable  principles  are  those  bodies  which  neither  N«otrml 
possess  the  properties  of  acids  nor  bases,  and  which  so  far  aa  is  P^ndp'*'* 
Iroown,  do  not  combine  in  definite  proportions  with  other  substances. 

They  have  been  arranged  by  Thomson  in  thirteen  divisions. 

2114.  Amides^  or  Amidets,     The  term  amide  signifies  an  anhy- Difinoo 
drous  ammoniacal  salt  deprived  (if  an  expression  apparently  contra*  l*^-  ^'^^' 
dictory  may  be  aUowed)  of  an  atom  of  water.  (1562) 

2115.  Oxamide.  CaOj+NH,  =  44.  (T.)     This  was  discovered  by  Onmide, 
Dumas  in  1830.t     When  oxalate  of  ammonia  is  heated  in  a  glass  obuined 
retort,  it  loses  in  the  first  place  its  water  of  crystallization,  and  the 
crystals  become  opaque.     The  salt  then  melts  and  boils,  but  only  in 

those  parts  which  receive  immediately  the  impression  of  the  heat. 
Those  portions  which  melt  undergo  decomposition  and  disappear 
rapidly.t  When  the  distillation  is  at  an  end  some  trace  of  charcoal 
merely  remains  in  the  retort ;  all  the  rest  has  been  volatilized.  In 
the  receiver  is  found  water  impregnated  v/ith  carbonate  of  ammonia, 
This  water  holds  in  suspension  a  flocky  matter  of  a  dirty  white  co- 
lour.^ The  white  flocks  and  deposit  on  the  beak  of  the  retort  con* 
atitute  the  substance  called  ozcumde.  To  purify  it,  it  is  washed  out 
upon  a  filter  and  thoroughly  edulcorated  with  cold  water.  Being 
nearly  insoluble,  it  remains  on  the  filter. 

21 16.  The  gases  disengaged  during  the  distillation  change  their  ^*^ 
Daiure  as  it  proceeds ;  they  are  ammonia,  then  carbonic  acid  and  ^^° 
oxide,  and  cyanogen ;  water  and  carbonate  of  ammonia  are  also 
formed.  II 

2117.  Oxamide  is  obtained  in  crystallized  plates,  or  as  a  granular  P'^P*'^**** 
powder.     When  pounded  and  well  washed  it  is  a  dirty-white  pow* 

der,  resembling  uric  acid,  without  taste  or  smell,  or  any  action  on 
vegetable  colours.  It  is  volatile,  and  crystallizes  when  cautiously 
beated  in  an  open  tube.  It  is  not  sensibly  soluble  in  cold  water ; 
bat  dissolves  in  boiling  water. 

2118.  Heated  in  sulphuric  acid  it  dissolves,  and  gas  is  given  out  ^^^^ 
in  abundance,  consisting  of  equal  vols,  of  carbonic  acid  and  carbonic  of  s^. 
oxide.     At  the  same  time  a  quantity  of  ammonia  is  formed,  which 

^  Laetvcarvtm  if  obtained  from  the  jaice  of  the  Lactuca  saHva  or  oommon  gmrden 
letlBoe.  t  Ann.  de  Chim.  el  de  Phyt.  x\ir.  129. 

t  But  the  mass  in  general  retains  its  appearance,  and  a  care fal  examination  is  neces- 
to  be  able  to  perceiTe  the  thin  layer  of  the  salt  which  is  in  a  state  of  fusion. 


f  The  neck  of  the  retort  exhibits  usuall j  crystals  of  carbonate  of  ammonia,  and  a 
ibkk  lajer  of  the  same  white  matter. 

I  LMl>ig  has  ahowB  that  when  caustic  amnooia  is  added  to  oxalic  tther,  alcohol  is 
•vwfad,  and  a  eomoos  deposit  of  oxamida  is  woduoad.    This  ia  by  far  tha  aioat  ceo- 
aieUMde«prepanof  oxanydt.    8aa  ium.  da  F4flrai«  ix.  Its.    T.  ill. 
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sndofpe- 
tasta. 

Aoalytit. 


Ether  oxa- 
amide. 


Oiiap.jz.  combines  with  the  acid.  Boiled  in  a  concentrated  solntion  of  po- 
tassa  it  g^ves  out  ammonia  in  abundance,  with  the  fonnation  of  oaliB 
acid  which  combines  with  the  potassa. 

2119.  According  to  the  analysis  of  Dumas*  its  constitaents  appnr 
to  be  CaOa+HaN  =  44.0.  If  we  add  HO  (an  atom  of  water),  ik 
oxnmide  becomes  CaOg-f-HaN,  or  oxalate  of  ammonia.t    T.  sn. 

2120.  Etheroxamide  is  obtained  when  a  current  of  dry  ammoBi^ 
cal  gas  is  passed  over  a  given  c^antity  of  pure  oxalic  ether.  Smet 
namide  is  formed  when  the  same  gas  is  made  to  act  upon  anhjdiMi 
succinic  acid.  Benzamide  is  obtained  when  the  gas  is  absoitedlf 
pure  chloride  of  benzoul.  Sulphatnide  is  formed  when  dry  anar 
niacal  gas  is  combined  with  anhydrous  sulphuric  acid. 

2121.  This  division  comprises  benzoyl  and  its  coiDpouDda.t 

2122.  The  base  of  benzoic  acid  has  been  teroied  hj  Liebignl 
Wohler  benzoyl^  and  was  obtained  by  Laurent  by  paasiog  a  cofiMC 
of  chlorine  gas  through  benzoin  kept  in  fusion  while  the  gu  m 
passing ;  hydrochloric  acid  was  formed  and  benzoyl  disengaged,  b 
was  purified  by  solution  in  alcohol  and  crystalliasation. 

2123.  The  volatile  oil  of  bitter  almonds  is  a  hydret  of  beoaoyl 
and  this  oil  has  the  property  of  absorbing  oxygen  and  of  being  €» 
verted  into  benzoic  acid.     The  change  may  he  thus  explained: 


DiTiiion 
ad. 

Bemojrl. 


The  oU  ie 
Benzoic  acid 


CuH.  Ot 
CiiH^Ok 


Ezpl 
tion. 


So  that  the  oil  contains  1  atom  more  of  hydrogen,  and  1  atom  lemd 

oxygen,  than  the  acid ;  2  atoms  of  oxygen  are  absorbed,  the  tm 

unites  with  1  atom  of  hydrogen  and  forms  water,  while  the  oiktf 

combines  with  (CuHsOa)  and  converts  it  into  benzoic  acid.     CJIflk 

must  be  the  base  of  benzoic  acid,  and  the  oil  must  b^this  base  cam- 

bined  with  an  atom  of  hydrogen,  or  a  hydret  of  benzoly.     t. 

Piopertiet.      2124.  Benzoyl  is  slightly  yellow,  without  taste  or  smell ;  ioaofaiUi 

in  water,  verv  soluble  in  alcohol  and  ether,  crystallizing  in  six-ftidrf 

prisms.     Its  lustre  is  vitreous.     It  may  be  volatilized  without  Jttm 

position;  becomes  solid  at  about  196**;  burns  on  platinum  wiAt 

red  flame,     t.  603. 

AnalTait.        The  analysis  afforded 

Carbon 
Hydregen 
Oxygen 


14  atoma  per  cent.        80. 
6    *•        **      ••  4.7» 

2    «*        "      ••  15.24 


100. 


^^     .       2125.  The  compounds  of  benzoyl  and  their  composition 
ponndi  of    r  11      •  '^ 

Zu«j\.     foUowiDg : 

Benzoyl         ... 
Hydret  of       ^        or  oil  of  bitter  almonds 
Benzoin        .... 
Benzoic  acid      .... 
Chloride 


Bromide 
Iodide 
Sulpburet 
Cyanide 


tt 


CtiHs  Ob 
CuUsOb-|.B 
ChHs  Oi  +  H 
CmHs  Oi  +  O 
Ci«Hs  Os  +  a 
CuHs  Oi  +  Br 
CmHs  Oi  4. 1 
CuHj  Oj  +  S 
CmUsOi  +  CiII 


*iliiii.  ds.  Cym.  s<ds/%i.  zUv.  189,  and  Jbur.  i§ 
tNHff€aOt,eq.i4.M.    L.  7f9.  t 
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BeiUEone*         Ci4HaO  Utcu  IV. 

Benanet  C^Hs.  Now,8(CeH3)+2(OOa)=CMH»Oa+Oa 

Benzamide        CnHcOo+HoN 
Benzimide        CmH  sOa+HJNi  ? 

Nilrobenzi  iet  2(CeH3)4-N04 
Sulpliober  dde  2(C6Ha)-f  SO3 
Azotobenzidef  2(C6H3)-|-N 

2126.  Spirail  audits  compounds.     Spiroil  is  the  supposed  base  of  l>i?ision 
the  volatile  oil  extracted  from  the  flowers  of  the  spiraa  vlmaria.    It  ^* 

is  a  compound  of  GiaHsO^  with  an  atom  of  hydrogen.     It  has  not 
been  obtained  in  a  separate  state,  but  it  has  been  combined  with  ox- 

Jgen,  chlorine,  bromine,  iodine  and  hydrogen,  and  shown  to  form 
efinite  compounds  with  each. 

2127.  Sugar.   Cu)H|oO,o  =  162.24.     The  term  sugar  has  been  DiTinon 
applied  to  various  substances  characterized  by  a  sweet  taste.  ^^' 

2128.  Sugar  may  be  extracted  from  the  juice  of  a  number  of  ve-  Sugirt. 
getables,  and  is  contained  in  all  those  having  a  sweet  taste ;  that  I^^pv*- 
which  is    commonly   employed   is    the    produce   of    the   arundo^^^^ 

'  Moccharifera^  or  sugat'cane,  a  plant  which  thrives  in  hot  climates. 
Its  juice  is  expressed  and  evaporated  with  the  addition  of  a  small 
quantity  of  lime,  until  it  acquires  a  thick  consistency ;  it  is  then 

>  transferred  into  wooden  coolers,  where  a  portion  concretes  into  a 

>  crystalline  mass,  which  is  drained  and  exported  under  the  name  of 
nmscovadot  or  raw  sugar.     The  remaining  liquid  portion  is  molassest «  j^^ 
or  treacle.     A  gallon  of  juice  yields  on  an  average  about  a  pound  of 

raw  sugar. 

2129.  The  juice,  which  flows  spontaneously  from  incisions  made  Varietiet  of 
in  the  American  maple-tree,  aflbrds  a  quantity  of  sugar  suflicient  '"^'* 

to  render  it  a  process  worth  following.     The  juice  of  the  carrot,  the 
melon ,11  and  still  more  remarkably  of  the  beet  {beta  vulgaris,  l.) 
yields  a  considerable  proportion  of  sugar.     To  obtain  it  from  the  lat- 
ter vegetable,  the  roots,  soAened  in  water,  are  to  be  sliced,  and  the 
juice  expressed.     It  is  then  to  be  boiled  down,  with  the  addition  of  a  Beet  siifai. 
^    little  lime,  till  about  two  thirds  remain,  and  afterwards  strained. 
^    These  boilings  and  strainings  are  repeated  alternately,  till  the  liquid 
^    attains  the  consisteRce  of  syrup,  when  it  is  left  to  cool.     The  su- 
gar thus  extracted,  retains  somewhat  of  the  taste  of  the  root ;  but  it 
may  be  purified  by  the  operation  used  for  the  refining  of  West  India 
I    sogar,  and  it  then  loses  its  peculiar  flavour.     The  quantity  obtained 
(     mries  considerably  ;  but  in  general  it  may  be  stated  at  between  four 
aod  five  pounds  from  100  lbs  of  the  root,  besides  a  proportion  of  un- 
crystallizable  syrup.     In  Grermany  the  expense  has  been  calculated 
at  about  three  pence  per  pound.lT 

*  This  tenn  wii  appli^  from  tht  analogy  between  benzone  aod  aeetcne,  the  name 
girai  by  Domai  and  Liebig  to  the  liquid  formerly  called  pyroaeeUe  wpirit. 

tTbe  bcnxine  of  Ifitscherlich  it  the  same  with  the  bicarlmnt  o/hydragen  of  Pa- 


t  Fonned  when  nitne  acid  it  made  to  act  apon  hie  lieozin. 

f  A  solistaoce  obtained  by  diatdling  a  mixture  of  nitrobenxide  and  lime.    For  de- 
tails retpectinf  these  compoondt,  aee  Thomaoa't  Or^.  Bodiet,  604. 

n  Quart.  Jour.  N.  S.  1. 339. 

1iSmCbaip\MiOnth€mam{faetureqfSuMarinfym^  For 

lapaotiaf  the  mtmimeUirt  tad  lifiaiaf  of  sagar,  tat  Ura^  Diet,  Ard  ami 
1191. 
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Obap  lie. 

Arrowroot 
Sago. 


Properties 
of  starch. 


losoloble 
ID  alcohol, 

Gomposi- 
tioa  of 
■tarch. 


Amidin. 


Amylio. 


Analytis* 


Orgamc  Chumutrf — tARyliii. 

^a  strainer  and  the  liquor  which  passes  deposits  the  stuchp  wbiehii 
to  be  washed  in  cold  water  and  dried  in  a  gentle  heaU 

2148.  Arrow  root  consists  entirely  of  very  pure  starch.  It  m  s- 
tVacted  from  the  potato,  and  the  roots  of  the  jatropha  wtamikai  aM 
the'  variety  known  as  castawi  and  tapioca,  Sago^  another  varielji 
is  extracted  from  the  pith  of  a  species  of  palm  the  weLgtu  rtfkk 
which  grows  in  the  East  India  Islands.*  Stdop  comea  fiom  Pcnii 
and  is  stippbsed  to  be  the  prepared  roots  of  difieiBDl  qiedss  d 
orchis.  Of  rice,  starch  constitutes,  according  to  Braconnot*  fhM8 
to  86  per  cent. 

2149.  Pure  starch  is  a  white  substance,  insoluble  in  cold  vMi; 
but  readily  soluble  tit  a  temperature  between  160^  and  IBSt.  b 
solution  is  gelatinous,  becomes  mouldy  and  sour  by  exposure  taaii; 
and  by  careful  evaporation  yields  a  substance  resembling  gamii 
appearance,  which  is  a  compound  of  starch  and  water.  Studiii 
insoluble  in  alcohol  and  in  etner ;  its  most  cbaracteriaiic  property  ii 
that  of  forming  a  blue  compound  with  iodine. 

2150.  Starch  consists  essentially  of  two  distinct  suhnanrwt 
1.  The  liquid  portion  which  fills  each  little  vesicle  compOBiog  it,SBl 
this  liquid  consists  of  water  holding  in  solution  a  peculiar  sobstaoBi 
which  is  called  amidinA  2.  The  vesicular  portion  of  the  gm 
insoluble  in  water,  and  called  am^in.X  According  to  Ghieiifr- 
Vary,  potato  starch  is  composed  of 

Exterior  tegumentary  amylin,    ...  9.12 

Amidin     -        -        -        .        -        .        -        38.13 
Amylin 59.75 

low 

2151.  Amidin  or  the  soluble  part  of  starch  has  neither  taste  b« 
smell.  Cold  water  dissolves  it,  but  it  is  more  soluble  in  boiliiv 
water :  it  is  insoluble  in  alcohol  and  ether.  lis  aqueous  solaiios 
soon  becomes  acid.  Digested  in  nitric  acid  it  forms  ozalhvdnc  adi 
and  then  oxalic  acid.  100  parts  of  amidin  and  250  of  snlpborr 
acid  at  the  temperature  of  150^  furnish  95.8  parts  of  anhydiw 
sugar. 

2152.  Amylin  is  insoluble  in  water,  it  does  not  dissolve  in  faoifiif 
water,  nor  in  alcohol  or  ether;  but  it  swells  in  water  and  becwMi 
white.  When  100  parts  are  digested  with  800  of  nitric  acid,  9SL4I 
parts  of  anhydrous  oxalic  acid  are  formed.  When  digested  ini^ 
phuric  acid  and  water  it  is  converted  into  sugar:  100  parts  of 
tin  give  110.57  of  hydrous  sugar. 

From  pure  amylin  Prout  obtained 

Carbon 43.31 

Hydrogen 6.49 

Oxjgen 50.90 

100 
Numbers  which  lead  to  the  concluaion  that  it  it  composed  of  19 

10  hydrogen  and  10  oxygen.    (T.) 
It  19  probable  that  the  aaUrifu  of  Biot  and  Penon  ooiuuts  cbi*iv  ^  1 

T.  656. 


*  See  an  accooat  of  its  preparation  in  Forest's  Voyage^  p.  3f . 

t  Vary  in  ilnn.  de  Chim,  et  de  Phy.  l?i.  231. 

t  Worn  the  Orsek  word  o^vlo^  jterdk.  ^  J9Mr»  d$  Pkerm 


Xjj/Undin.  473 

2153.  Hardein  may  be  obtained   from  barley-meal  made  into  a  8ici.iv. 
paste  with  water  and  washed  by  a  current  of  water  dropping  on  it.  Hoid«iB. 
The  starch  and  hordein  are  washed  away.     By  boiling  in  acidulous 
water,  the  starch  is  taken  up,  and  the  hordein  remains  unaltered.    It 
amounts  to  from  54  to  56  per  cent,  of  the  meal. 

2154.  it  is  a  yellow  powder,  resembling  sawdust ;  insoluble  in  Prop«rtiM. 
water  and  alcohol,  does  not  yield  ammonia  ;  but  yields  oxalic  and 

acetic  acids.  During  the  malting  of  barley*  the  hordein  is  converted 
ioto  starch. 

2155.  lAchenin  is  the  name  given  to  what  was  once  called  the  LichMun. 
starch  of  the  cetraria  isiandica  or  Iceland  moss,  which  when  good 

Sields  about  44^  per  cent.  In  cool  water  it  swells  up  but  does  not 
isaolve.  It  is  coloured  blue  by  iodine,  and  is  precipitated  by  alco- 
hol. It  appears  to  be  isomeric  with  amidin.  According  to  Herber- 
ger  it  is  poisonous.* 

2156.  Inulin  is  obtained  from  the  roots  of  the  inula  hdenium^  Inulio. 
eoUhicum  autumnale,  nnd  more  abundantly  from  the  dahHa  purpurea. 

It  is  a  fine,  white,  tasteles  powder.  It  is  precipitated  from  its  aque- 
ous infusion  by  infusion  of  nut-galls. 

2157.  JJgnin  or  woody  fibrt  constitutes  the  fibrous  structure  of  ^^^S^- 
vegetable  substances,  and  is  the  most  abundant  principle  in  plants. 

The  difierent  kinds  of  wood  contain  about  96  per  cent,  of  ligniD.  It 
is  prepared  by  digesting  the  sewings  of  any  kind  of  wood  succes- 
sively in  alcohol,  water,  and  dilute  hydrochloric  acid,  until  all  the 
substances  soluble  in  these  menstrua  are  removed. 

2158.  Lignin  has  neither  taste  nor  odour,  undergoes  no  change  by  Propefth  -*. 
keeping,  and  is  insoluble  in  alcohol,  water,  and  the  dilute  acids.  By 
digestion  in  a  concentrated  solution  of  pure  potassa,  it  is  converted 
according  to  Braconnot  into  a  substance  similar  to  ulmin.     Mixed 

with  strong  sulphuric  acid  it  suffers  decomposition,  and  is  changed 
into  a  matter  resembling  gum  ;  and  on  boiling  the  liquid  for  some 
time  the  mucilage  disappears,  and  a  saccharine  principle  like  the 
sugar  of  grapes  is  generated.  Braconnot  finds  that  several  other 
substances  which  consist  chiefly  of  woody  fibre,  such  ns  straw,  bark, 
or  linen,  yield  sugar  by  a  similar  treatment.! 

2159.  Xyloidin  is   a  substance  obtained  by  the  action  of  con-  Xyloidin. 
ceotrated  nitric  acid  on  suirch,  lignin  and  some  other  substances. 
When  the  acid  of  density  1.5  is  added  to  starch,  a  solution  is  ob- 
tained, which    if  treated    immediately  with    water,  deposits    the 
xyloidin. 

Xyloidin  is  a  compound  of  nitric  acid  and  starch,  an  atom  of 
water  in  common  starch  being  replaced  by  an  atom  of  nitric  acid.t 
It  is  very  combustible.^ 

2160.  The  exudations  from  various  trees  and  plants  which  have  Oimioa 
been  called  gwm^  may  be  arranged  under  three  genera,  viz.  arahin^  Oumt. 
hoMtorin  and  cerasin, 

2161.  The  term  Arabin  was  applied  by  Chevreul  to  gum  arabic,  Arabia. 

*  Jour,  de  Pharm,  xrii.  2S9. 

t  Ann  de  Own.  H  de  Phm.  lii.    For  other  priaciplet  or  this  divitioo  set  T.  Org. 
Bodim. 

%  P§lau94.  f  Sm  Jbiir.  qf  Uu /V«dk.  Aufttt.  uiv.  lit. 
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Chap.  IX.  which  consists  almost  entirely  of  arabin.  Gum  arable  comes  frai 
the  Levant  but  its  use  has  been  in  a  great  measure  superseded  is 
6.  Britain  by  gum  Senegal.  It  is  in  small  rounded  drops  or  teta 
sp.  gr.  is  1.355.     It  is  composed  of 

Arabin 79.4 

Ashes 3.0 

Water 17.6 

100 

Properties.  2162.  Arabin  is  colourless,  tasteless^  inodorous,  and  tran^ 
rent,  friable  when  dry,  tough  when  moist.  It  softens  at  a  tempezi* 
ture  between  282°  and  392^  and  may  be  drawn  out  into  threads.  It 
is  insoluble  in  alcohol.     With  water  it  forms  nmcilage. 

Uses.  It  is  viscid  and  glutinous,  and  is  used  by  calico-printers  to  xhiAtM 

their  colours  and  mordants  to  prevent  their  spreading  ou  the  dodi. 
It  may  be  kept  for  years  without  much  change,  but  finally  becooei 
acid. 

2163.  Boiled  with  sulphuric  acid  it  is  converted  into  sagu,  bit 
which  differs  from  starch  sugar  in  not  fermenting  with  yeast.  Witk 
nitric  acid  it  yields  mucic  and  oxalic  acids.  Its  atomic  compositioi 
is  the  same  as  that  of  sugar  in  crystals. 

2164.  The  principal  varieties  of  gum  consisting  altogether  ff 
chiefly  of  arabin,  are  gum  arabic,  gum  Senegal  and  raucilags  oi 
lintseed. 

Bassorio.  2165.  Bassorin  was  first  noticed  by  Vauquelin  in  a  gam  ftm 
Bassora.  When  this  gum  is  treated  with  water,  the  bassorio  r^ 
mains  in  a  gelatinous  form.  It  has  since  been  found  in  gum  tngi- 
canth  and  cherry-tree  gum.  It  is  solid,  colourless,  insipid  and  iot- 
dorous  ;  insoluble  in  water,  but  swells  up  and  becomes  a  jelly.  It 
is  insoluble  in  alcohol.  By  the  action  of  nitric  acid  mucic  ni 
oxalic  acids  are  formed.  With  sulphuric  acid  it  forms  a  crystallia- 
ble  sugar. 

Cerasin.  2166.  Cerasin  is  the  name  given  to  a  substance  in  cherry-oee 
gum  which  remains  undissolved  when  that  gum  is  treated  with  coU 
water.  It  is  isomeric  with  arabin.  It  is  solid,  insipid  and  inodo- 
rous; insoluble  in  alcohol,  swells  in  cold  water,  but  does  not  dii- 
solve.     When  boiled  in  water  it  is  converted  into  arabin.* 

2167.  Gluten  may  be  obtained  from  wheat-fiour,  by  formivn 
into  a  paste  and  washing  it  under  a  small  stream  of  water.  Iv 
starch  is  thus  washed  away,  and  a  tough  elastic  substance  remiiM* 
which  is  gluten. 

Its  colour  is  gray,  and,  when  dried,  it  becomes  brown  and  britsk. 
It  is  nearly  insoluble  in  water  and  in  ether.  When  allowed  tt 
putrefy  it  exhales  an  offensive  odour,  and  when  submitted  to  d^ 
structive  distillation,  it  furnishes  ammonia,  a  circumstance  in  wfaick 
it  resembles  animal  products.  Most  of  the  acids  and  the  allEdMi 
dissolve  it. 

Gluten  has  been  resolved  by  modem  chemists  into  four  dJMC 
principles,  viz.  albumen,  emulsin^  mucin,  and  glutin* 

Albamen.        2168.  Albumen.    When  fresh  gluten  is  digested  in  hot  alcohol  liC 
every  thing  soluble  is  taken  up,  a  bulky  substance  of  a  gnpi^ 

*  CaienduUn  is  obtained  from  the  flower  of  the  calendula  qgkmaHe,  or  HMJi^ 
Sap&mn  was  disoovered  in  Um  root  of  th»9aponariaqffieinmiia. 


Division 
7th. 

Glatinous 
substances. 


Properties. 
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colour  remains,  which  constitutes  what  has  been  called  vegetable   g«ct.  iv> 
albumen.     It  is  soluble  in  water ;  but  coagulates  when  heated.     It 
is  insoluble  in  alcohol  and  ether.    When  dry  it  is  opaque.     It  is  pre- 
cipitated from  acid  solutions,  by  carbonate  of  ammonia. 

2169.  Emuhin  is  the  name  given  to  a  peculiar  substance  which 
exists  in  almonds,  and  which   has   the  property  of  decomposing      "  '*"' 
aroy^dalin,  and  of  forming  hydrocyanic  acid  and  volatile  oil  of  bit- 
ter almonds. 

2170.  Mucin  is  obtained  when  alcohol  is  boiled  upon  the  riuten       . 
of  wheat.     It  dries  into  transparent  grains,  burns  like  animal  mat-    *'^"^' 
ter;  is  more  soluble  in  water  than  gluten,  and  constitutes  about  4 

per  cent,  of  the  gluten  of  wheat  flour.  100  parts  of  hot  water  dis- 
solve 4  parts  of  mucin,  and  the  solution  soon  putrefies. 

2171.  The  aqueous  solution  of  mucin  is  precipitated  by  infusion 
of  nutgalls,  slightly  by  alcohol.  When  made  into  a  paste  with 
•tarch  and  kept  for  10  hours  at  145^  it  converts  the  starch  into 
sugar  and  dextrine. 

2172.  Glutin  may  be  obtained  by  boiling  alcohol  upon  the  gluten  Giutm  ob- 
of  wheat  and  freeing  the  solution  from  mucin  by  repented  precipita-  tained. 
tions.     On  evaporating  the  alcohol  the  glutin  is  lef\  as  a  yellowish 
translucent  matter. 

2173.  Glutin  is  almost  insoluble  in  water,  but  soluble  in  alcohol,  Chanctcn. 
ether,  dilute  acids  and  caustic  alkaline  leys.     It  is  precipitated  by 
iofusion  of  nutgalls.^ 

2174.  Caoutchouc,  elastic  gum  or  Indian  rubber,  is  the  concrete 
juice  of  the  Havea  caoutchouc  and  latropa  elastica,  natives  of  South  l>>vMioo 
America,  and   of  the   Ficus   Indica  and    Artocarpus  integrifolia,  caoot- 
wbich  grow  in  the  East  Indies.     It  is  a  soft  yielding  solid,  of  a  choac. 
whitish  colour  when  not  bluckened  by  smoke,  possesses  considera- 
ble tenacity,  and  is  particularly  remarkable  for  its  ekisticity.t     It  is 
inflammable,  and  burns  with  a  bright  flame.     It  is  insoluble  in  water 

and  alcohol ;  but  it  dissolves,  though  with  some  difficulty,  in  pure 
other.  It  is  very  sparingly  dissolved  by  the  alkalies^  but  its  elasti- 
city is  destroyed  by  their  action.  By  the  sulphuric  and  nitric  acids 
it  IS  decomposed,  the  former  causing  deposition  of  charcoal,  and  the 
latter  formation  of  oxalic  acid. 

217d.  Caoutchouc  is  soluble  in  the  essential  oils,  spirits  of  turpen- 
tine, ether,  naphtha,  cajeput  oil,  and  in  the  volatile  liquid  obtained 
by  distilling  caoutchouc ;  and  from  all  these  solvents,  except  the 
essential  oils,  it  is  left  on  evaporation  without  loss  of  its  elasticity. 

^  Zein  is  the  name  girea  by  Gorham  (Jour,  of  Sden.  zi.  905.)  to  the  gluten  of  zea  t,m 
VMM  or  Indian  com     According  to  Oorham  it  contains  no  nitrogen  and  yields  no 
ammonia  when  distilled ;  but  Bizio  affirms  that  he  obtained  ammonia  from  it. 

I'itdn  is  obtained  from  bird-lime ;  which  is  prepared  from  the  middle  bark  of  the  vtMta. 
holly  boiled  in  water  and  deposited  in  pita  till  it  becomes  Tiscous. 

AfUenin  is  a  peculiar  suMtanca  found  in  the  pollen  of  the  pinuM  abie$t  lyeopodium  poiini*. 
cfavo/um,  &c. 

Ltgumin  is  contained  in  the  cotyledooi  of  the  seeds  of  papilionaceous  plants.  Uri^i^ 

Amwdaiin  exists  in  the  bitter  almond.  kmjwiai^ 

CNaurin  is  the  name  applied  to  a  substance  obsenred  in  the  sulphureous  waters  of  uuina. 
•ome  springs.    It  gelatinizes  by  oonoentration.    Decorofmsed  it  yields  ammonia.    It 
is  probably  of  regetable  origin. 

t  For  some  curious  experiments  on  the  ooontction  between  the  teinperatare  of 
caovtcbonc  and  ita  elasUaty  ice  T.  Orw,  Boctiet,  MS,  and  MancktUer  Memain,  ii. 
Id 
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Cbmp.ix.  oil  is  distilled  in  an  iron  retort  with  a  moderate  firoy  so  that  the  oil 
may  not  pass  over.*^ 

Properties.  2190.  It  is  a  colourless  liquid,  which  does  not  become  solid  thoagk 
cooled  down  to  — 4°.  It  is  tasteless  but  smells  like  blossoms,  h 
boils  at  116^^.  Its  sp.  gr.  is  0.665.  Absolute  alcohol  dissolreiiu 
Naphthaline,  camphor,  tallow,  and  many  other  substances  dissolie  is 
eupion  ;  caoutchouc  swells  enormously  in  it,  and  on  boiling  is  di» 
solved. 

Creotote.  2191.  Creosote  was  discovered  by  Keichenbach  in  1832.  It  ezim 
in  impure  pyroligneous  acid,  but  is  best  prepared  from  those  portiM 
of  the  oil  distilled  from  wood-tar  which  are  heavier  than  wiia 
The  oil  is  first  freed  from  adhering  acetic  acid  by  carbonate  ef  p^ 
tassa,  and,  after  separation  from  the  acetate,  is  distilled.  A  link 
phosphoric  acid  is  mixed  with  the  product  to  neutralize  amm(MA, 
and  another  distillation  resorted  to.  It  is  next  mixed  with  a  stroai 
solution  of  potassa,  which  combines  with  creosote,  allows  any  eiph 
on  which  may  be  present  to  collect  on  its  surface,  and  by  digcstia 
decomposes  other  organic  matter :  the  alkaline  solution  is  tkn 
neutralized  by  sulphuric  acid,  and  the  oil  which  separates  is  collect 
ed  and  distilled.  For  the  complete  purification  of  the  creosote,  lb 
treatment  with  potassa,  followed  by  neutralization  and  distillatiaiL 
requires  to  be  frequently  repeated. 

Pktipertiee.  2192.  Creosote  is  a  colourless  transparent  liquid  of  an  oilrn^ 
sistence,  which  retains  its  fluidity  at  — 17^  has  a  sp.  f^r.  of  1.037  tf 
68^,  boils  at  397^,  is  a  non-conductor  of  electricity,  and  refnes 
light  powerfully.  It  has  a  burning  taste  followed  by  sweetness,  ibJ 
its  odour  is  like  that  of  wood-smoke  or  rather  of  smoked  meat  k 
is  highly  antiseptic  to  meat :  the  antiseptic  virtue  of  tar,  smoke,  lai 
crude  pyroligneous  acid  seems  owing  to  the  presence  of  creofoit 
Its  name,  from  ^qb^  flesh,  and  cmil^ai  J  $ave,  was  suggested  byihii 
property. 

2193.  Creosote  requires  about  80  parts  of  water  for  solution,  isd 
is  soluble  in  every  proportion  in  alcohol,  ether,  sulphuret  of  catka, 
eupion,  and  naphtha.  It  has  neither  an  acid  nor  alkaline  resdiaB 
with  test  paper,  but  combines  both  with  acids  and  alkalies-  WA 
poUissa,  soda,  lime,  and  baryta  it  forms  compounds  soluble  in  water; 
but  the  creosote  is  separated  even  by  feeble  acids.  Of  the  acidi,  t 
unites  most  readily  with  the  acetic,  dissolving  in  every  proportioi: 
by  strong  nitric  and  sulphuric  acid  it  is  decomposed.  Creosote 
also  with  chlorine,  iodine,  bromine,  sulphur,  and  phosphorus. 

2194.  Creosote  acts  powerfully  in  coagulating  albumen,  this 
being  produced  by  a  solution  of  one  drop  in  a  large  quantity  of 
It  acts  with  energy  on  living  beings.  Insects  and  fish  thrown  ii> 
the  aqueous  solution  of  creosote  are  killed,  and  plants  die  wfaa 
watered  with  it.  It  appears  useful  in  medicine ;  it  is  said  to  be  mj 
efficacious  as  a  topical  application  in  tooth  ache,  ulcere,  and  cutaoeotf 
diseases ;  and  it  probably  admits  of  many  other  applications. 

Creosote  is  a  compound  of  carbon,  hydrogen,  and  oxygen;  tk 
ratio  of  its  elements  is  CsHs&O.t  T. 


Aap«lia< 


SolDbUity, 


Coagulates 
tlbmneo. 


*  For  details  of  the  process  see  T.  Org'.  Bodia,  72S. 

iAmpeUn  was  prepared  by  Laurent  from  the  oil  of  bitamiDooa  date, 
20aiKl636.o    (Ann, de  Ckim.  ei de Phy9,  jiw, m,)     It  is  aa  oUy 
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2195.  Picamar.  This  tabstance  is  the  bitter  principle  of  tar,  gtct.  nr.  ^ 
lence  it  derives  its  name  (in  pice  amarum.)  It  is  present  in  the  Picamar. 
iviest  portions  of  the  rectified  oil  of  tar,  and  when  these  are  treat* 
by  potassa,  a  crystalline  compound  of  the  alkali  and  picamar 
*ormed :  this  compound,  when  purified  by  repeated  solution  in 
ter  and  crystallization,  is  decomposed  by  phosphoric  acid,  and  the 
amar  separated  by  distillation. 

dl96.  Picamar  is  an  oily  colourless  liquid,  of  a  peculiar  odour  and  Properties, 
y  bitter  taste.  Its  sp.  gr.  is  1.100,  and  it  boils  at  545°,  being  con- 
exably  less  volatile  than  creosote.  It  is  insoluble  in  eupion  and 
iringly  soluble  in  water ;  but  it  dissolves  without  limit  in  alcohol 
I  ether.  It  has  no  action  on  test  paper  ;  but  it  unites  with  potassa 
above  mentioned,  and  strong  sulpnuric  acid  dissolves  it  without 
;ompo8ition.  From  its  permanence  in  the  air,  its  fixity  when 
ited,  and  its  oily  nature,  it  is  well  adapted  for  greasing  machinery 
1  protecting  it  from  rust. 

2197.  Pittacai,    When  the  heavy  oil  of  tar  is  digested  with  a  so-  pittaeal. 
ion  of  baryta,  a  fine  blue  colour  appears,  which  is  due  to  pittacai, 

tn  mrra  pitchy  and  »aUoc  ornament.  It  is  a  solid  of  a  beautiful 
le  colour,  which  admits  of  being  fixed  as  a  dye.  It  is  very  perma- 
it,  contains  nitrogen  as  one  of  its  elements,  and  appears  to  belong 
the  same  class  of  bodies  as  indigo. 

2198.  Capnomor,     This  substance  occurs  along  with  creosote,  pi*  CapnoiDor. 
nar,  and  pittacai  in  the  heavy  oil  of  tar.     On  digestinc^  that  oil 

;h  solution  of  potassa,  the  three  latter  principles  are  dissolved,  and 
I  capnomor  collects  on  the  surface,  combined  with  a  little  eupion. 
le  capnomor  is  then  dissolved  by  sulphuric  acid,  in  which  eupion 
insoluble ;  and  from  the  solution,  on  being  neutralized  with  carbo- 
Le  of  potassa,  capnomor  separates,  and  is  purified  by  distillation, 
name  is  derived  from  nanyos  smoke^  and  ^oi^  part,  because  it  is 
)  of  the  ingredients  of  smoke. 

1199.  Capnomor  is  a  colourless  transparent  liquid,  of  a  pungent  properties, 
te  and  rather  pleasant  odour,  has  a  sp.  gr.  of  0.975,  and  refracts 
ht  almost  as  powerfully  as  creosote.  It  boils  at  365°.  It  is  inso- 
le in  water  and  solution  of  potassa,  and  is  soluble  in  alcohol,  ether, 
1  eupion.  It  has  the  property  of  dissolving  caoutchouc,  espe* 
lly  when  heated,  and  is  the  only  ingredient  of  tar  which  does  so  : 
presence  in  coal  naphtha  is  the  cause  of  the  solvent  action  of  that 
uid  on  caoutchouc.  The  composition  of  capnomor  has  not  been 
:ertained,  though  doubtless  carbon  and  hydrogen  are  its  principal 
rredients.  t.  6.  From  its  being  decomposed  by  nitric  acid  Thomson 
inclined  to  suspect  that  it  contains  oxygen. 

2S00.  Cedrirei  has  been  still  more  recently  obtained  by  Reichen-  Cedriret. 
:h  from  the  rectified  oil  of  the  tar  of  beech  wood.  It  strikes  a  red 
our  with  persulphate  of  iron,  and  all  substances  that  easily  part 
th  oxygen  ;  even  the  oxygen  of  the  air  renders  the  liquid  red.  It 
ms  red  crystals  which  lie  upon  the  filter,  entangled  in  each  other 
e  a  net,  hence  the  name  from  eedrium  an  old  name  for  the  sour 
ter  of  tar  burners,  and  rete  a  net. 

2201.  Naphthaline.  GuH^  =  64  eq.  This  substance  was  discovered  Naphtha- 
1819  in  one  of  the  condensing  vessels  erected  in  London  for  the  1^* 
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Ohap.ix.  distillation  of  coal  tar.^     It  was  named  from  its  connexion  with  coal 

naphtha. 

Obumed.        2202.  When  coal  is  heated  in  iron  retorts,  for  the  prepareiioaoi 

coal  gas,  much  brown  semi-fluid  matter  is  obtained  called  coal  tar. 

It  is  from  this  tar  that  coal  naphtha  and  naphthaline  are  procand. 

To  obtain  the  latter  the  tar  is  distilled. 

The  first  fourth  that  comes  over  is  partly  naphtha,  with  water  holding  ■■■»' 
nia  and  naphthaline  in  solution.  The  neit  fourth  part  is  a  dense  oil  mindwiih 
naphthaline,  the  latter  increases  in  quantity  as  the  distil latioo  procecda.  Vim 
the  last  portions  distilled  the  naphthaline  cryatallizea  and  may  ha  fraed  froa  tti 
oil  by  pressure  between  folds  of  blotting  paper  and  then  auDliming  at  agndi 
fa  eat. t 

Properties.      2203.  Naphthaline  is  white  and  of  a  pearly  lustre.     Its  smell  ii 

aromatic,  its  taste  pungent.     It  evaporates  spontaneously.     Itindli 

at   174°  and  boils  at  410°.t     With  sulphuric  acid  it  forms  ndph- 

naphlhalic  acid. 
Action  of         2204.  Chlorine  and  bromine  act  with  violence  on   naphthtbc 
chlorine,     heat  is  disengaged  and  hydrochloric  and  hydrobromic   acids  are 

formed.     It  is  composed  of  10  atoms  carbon  and  4  hydrogen  =6&i 
2205.  When  nitric  acid  and  naphthaline  are  left  in  contact  at  ca» 

mon  temperatures  no  action  takes  place.     But  if  the  acid  is  boiMi 

red  vapours  are  emitted  and  an  oily  layer  collects  on  the  Bfufut, 
Nitronaph-  ^yhich  affords  two  products  :  one  solid,  which  is  nitronaphtAakm,  ik 

other  a  liquid  separable  by  bibulous  paper. 

Another  substance  obtained  from  coal  tar  is  parajuiphtkalhit  n 

named  by  Dumas  from  its  composition  being  the  same  as  thtttf 

naphthaline.^ 
In  oil  and        2206.  In  the  coal  and  oil  gases  prepared  for  ordinary  combunH. 
coal  gases,  small  portions  of  several  of  the  foregoing  substiinces  are  believed  ii 

be  present,  communicating  their  peculiar  properties  and  impronif 

the  brilliancy  of  the  light. 

CimI  gas         1*'^^  distillation  of  coal  is  conducted  in  oblong  cast-iron  cylinders,  ornco^ 
obtained,      which  arc  ranged  in  furnaces  to  keep  them  at  a  red  heat,  and  all  the  vofaBli 
products  are  conveyed  by  a  common  tube  into  a  eandennmg  9€SMei^  kept  coU  bf 
immersion  in  water;  and  in  which  the  water,  tar,  ammoniacal,  and  ofbarcM* 
densable  vapours,  are  retained  ;  the  (p^oous  products  conaiit  principally  of  cflftt- 
retted   hydroeen,  hydrosulphurie  acid  gas,  carbonic  oxide  and  acid;  tkeaai 
passed  througn  a  mixture  of  quicklime  and  water  in  veaaela  called  Mri^M^hf 
which  the  hydrosulphurie  acid  and  carbonic  gases  are  abaoffoed,  and  the  ethui 
ted  hydroffen  and  hydrogen  gaseSj'transmittea  sufficiently  pure  for  uae  in  to|i^ 
emters,  wlicnco  the  pipes  issue  for  the  supply  of  streets,  houses,  &c.    The  n^ 
remaining  in  the  retorts  is  of  a  very  good  quality .|| 


*  Ann.  Philoa.  xv.  74,  vi.  N-  S.  136,  and  Phil.  TVofw.  1821, 2oe. 

tRcichenbach  has  endeavoured  to  prove  that  naphthaline  does  not  . 
formed  in  coal-tar,  but  that  it  is  formed  when  the  oil  existing  in  this  csr  b 
a  hii^h  temperature,  hut  this  was  not  confirmed  by  the  experiments  of 
which  see  T.  Org.  Bodies,  73S.  ^413^^,  Damns. 


iNaphihalic  Add.  C10H2O4.  This  add  has  great  resemblance  10  besaski  <> 
^«^t  Aiic  white,  whon  nurc,  and  crystallizes  in  long  feathery  crystals.  It  melts  ai  tll'a' 
may  be  vcilatilized  without  decomposition.  Its  fames  readily  take  fiie.  b  ka* 
smell,  and  a  weak  taste.  While  dry  it  does  not  affect  litmus  paper,  bni  nUm  * 
if  moistened.  It  combines  with  bases  and  forms  naphihalateM.  Th«  gnattf  stf^ 
of  these  when  heated  elongate  to  a  great  extent  under  the  fonn  of  a  uack  fte* 
tended  with  the  disengaffement  of  a  peculiar  crystallizable  matter. 

This  acid  belongs  to  tne  volaiiie  addM  of  Thomson  {Or^.  f?nrfisi,  9r)  to  wkflii^ 
seription  the  reader  is  referred  for  details  and  for  an  acoount  of  its 


11  For  a  full  account  of  the  process,  see  Ure*s  Did.  ArU  and  Mama{f.  MS. 
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2S07.  The  best  kind  of  coal  for  di^illation  is  that  which  contains  a^ct.  it. 
most  bitumen  and  least  sulphur ;  112  pounds  of  good  cool  are  capa- 
ble of  yielding  from  450  to  500  cubic  ieet  of  gas  of  such  quality,  that 
balf  a  cubic  foot  per  hour  is  equivalent  to  a  mould  candle  of  six  to 
the  pound,  burning  the  same  space  of  time.  H.  The  sp.  gr.  ofthegaa 
varies,  the  meau  as  given  by  Ure  is  0.529  and  that  of  oil  gas 

o.9e.» 

2208.  The  apparatus  for  the  conversion  of  oil  into  gas  consists  of  Oilgti. 
m  furnace  with  a  contorted  iron  tube  containing  fragments  of  bricks  or 
coke,  passing  through  it,  into  which,when  red-hot,  the  oil  is  suffered  to 

drop ;  it  is  decomposed,  and  converted  almost  entirely  into  charcoal, 
which  is  deposited  in  the  tube,  and  into  a  mixture  of  carburetted  by* 
drogen,  and  hydrogen  gases,  of  which  one  volume  may  be  regarded 
M  equivalent  to  two  of  coal-gas.  for  the  production  of  light.t 

The  commonest  whale  oil,  quite  unfit  for  burning  in  the  usual 
way,  aflbrds  abundance  of  excellent  gas,  requiring  no  other  purifica- 
tion than  passing  through  a  refrigerator  to  free  it  from  a  quantity  of 
empyreumatic  vapour.  A  gallon  of  whale-oil  aflbrds  about  100  cubi* 
cal  feet  of  gas. 

2209.  Lamp-black  is  prepared  from  the  refuse  of  resin  collected  in  .^ 
the  distillation  of  oil  of  turpentine.  It  is  a  fine  black  powder,  ex*  blaci!! 
ceedingly  light.  The  saol  which  collects  in  chimneys  where  coal  or 
wood  is  burnt  difiers  from  lamp-black.  When  boiled  with  water  a 
matter  is  deposited  of  the  appearance  of  pitch ;  alcohol  and  ether  re- 
move a  portion  of  an  exceedingly  acrid  and  bitter  taste,  which  Bra* 
connot  has  called  asbolin,  from  aoMifj  soot;  it  is  fluid  and  not 
volatile. 

2210.  Animal  charcoal,  though  derived  from  the  animal  kingdom,  Animtl 
ia  supposed  to  owe  its  most  important  properties  to  the  charcoal  d^Az'soal* 
which  it  contains.     It  is  known  as  ivory  black  and  is  prepared  from 


power  of  different  gatet  burned  in  the  umt  circumituicee,  it  iiiuaiMiiaf 
ly  spenking,  to  their  sp.  gr.  as  this  is  to  the  qusniity  of  carbon  poww  tf  cm. 
uld  tallow  candle  of  6  in  ttie  pound,  burning  for  an  hour,  is  equi-  ™"  *«»'•■»* 


r* 


*  The  ilinminating 
jpmortional,  generall 
iMy  eontain.    A  mou 

WMot  to  lia]f  a  cubic  foot  of  ordinary  coal  gas^aud'to  four  tenths  of  a  foot  of  sood  gas. 
The  flame  of  the  tiest  Argand  lampof  Carcel,  in  which  a  Meady  supply  nf  oilis  main- 
ttdaad  hy  pump-work,  consuming  649  nains  in  an  hour,  and  equal  to  v.SS  such  candles. 
Is  •qaivaient  to  3-76  cubic  feet  of  coal  gas  per  hour.  A  common  Argand  lamp,  equal 
la  4  caadles,  consumes  463  grains  per  hoar,  and  is  represented  by  l  .6  cubic  feet  of 
Ure. 


Q— ni 

VODI 


t  The  cat  (Fig.  197)  represents  an  apparatus  contrived  b^  me, 
■ad  which  is  rrry  convenient  for  obtaining  oil  gas,  in  sufficient 
ility  for  the  exhibition  ol  its  properties ;  a  is  a  vessel  of  cast 
aboot  16  inches  in  depth,  and  6  in  dismetar  at  its  upper  part ; 
iWiBf  a  cast  iron  cover,  with  two  openings,  to  the  smallest  of 
■  copper  pipe  leading  from  a  (onuel-shaped  oil  vessel  6,  is 
I  bv  brazing;  inio  the  larger  opening  a  gun-barrel  ris 
wed  Which  enters  a  small  copper  condensing  vessel  d  fur- 
tad  with  a  eock  for  drawing  on  any  oil}  or  condenvshle  va- 
ra that  may  pass  over.  From  the  upper  part  of  the  condenser 
s^ptr  or  lead  pipe  issues,  which  conveys  the  gas  to  the  ga>o- 

If.    When  oil  gas  is  to  be  obtained,  the  vessel  b  is  filled 

"with  oil,  and  the  pieces  of  bricka  art  pot  into  the  retort  a,  the 
««ptr  IB  thaa  secured  by  a  rod  of  iron  passing  through  the  eara 

awmd  tba  joint  is  made  tight  by  a  roiiture  of  aliout  2  parts  of 
■aunooiac,  i  of  sulphur  and  30  of  cast  iron  filings  or  borings, 
lo  ioio  a  paste  with  water.*  This  retort  may  ba  placed  in  any 
voBwat  nmiaoe,  and  when  heated  to  rednaoa  the  cock/  is  tamed  ao  as  to  allow 
oil  to  paaa  drop  by  drop.    W. 

*  This  camsoi  ■houkl  Im  aUowsd  to  bscoms  hard  bsibrs  ihs  sppaiatue  is 
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ChaiKiX  the  bones  of  animals  which  are  healed  in  close  ve88els»  so  as  to  drive 
off  all  the  volatile  matter.  The  earth  of  bones  remains  mixed  wiik 
charcoal.     Being  reduced  to  powder  it  is  fit  for  use. 

Ug^^  221 1.  It  18  a  much  more  powerful  discolourizing  principle  than  vt- 

getable  charcoal.  It  is  much  employed  in  refining  sugar.  Whii 
used  to  remove  the  colour  of  liquids,  it  acts  much  belter  if  the  liqui 
be  slightly  acid  or  neutral,  and  at  a  boiling  temperatare.  It  tppMB 
to  act  chemically  upon  the  colouring  matter.* 


Section  V.     Of  the  ParU  ofPlanU. 

^^^  2212.  It  is  the  general  opinion  that  plants  receive  a  consideiahk 

pluti.  part  of  their  nourishment  by  the  root ;  that  St  enters  tbem  in  a  Jiqaid 
state,  and  passes  up  in  proper  vessels  towards  the  leaves.  TUi 
liquid  is  distinguished  by  the  name  of  sap.  In  nearly  all  vegetabki 
it  is  as  liquid  as  water.  It  always  contains  an  acid,  sometimes  Cm, 
but  more  commonly  combined  with  lime  and  potassa.  Various  ve- 
getable principles  are  also  present;  of  these  sugar  is  the  mott 
remarkable,  and  mucilage.  Sometimes  albumen  and  gluten,  sdJ 
tannin  can  be  detected.  When  left  to  itself,  sap  soon  eflervescesasd 
becomes  sour ;  or  even  vinous,  when  the  proportion  of  sugar  b  cod- 
siderable. 

2213.  In  its  passage  to  the  leaves  the  sap  is  altered   by  a  proem 

Ghangeiof,  similar  to  that  of  digestion  in  animals,  and  formed  into  all  the  liqaid 
substances  required  for  the  purposes  of  the  plant.  These  liqoidi 
flow  from  the  leaves  towards  the  root  in  appropriate  vesseli^  aai 
have  received  the  name  of  the  ^^eoeZtoryt^tcf^  of  vegetables.     They 

^^^1"  differ  in  different  plants.  They  always  contain  much  more  vcgco- 
ble  matter  than  the  sap.  Sometimes  they  exude  spontaneously  and 
may  always  be  procured  by  incisions  through  the  bark. 

Gomrasiii      '^I^*  The  milky  juices  concrete  into  a  solid  matter  which  ki 
'  been  called  gum  resin.     Several  of  the  gum  resins  are  employed  ii 
medicine  ;  the  most  important  of  which  is  the  juice  of  the  poppy  d^ 
fording  opium. 

Air  in  2215.  In  many  plants  the  stem  is  hollow  and  filled  with  air;  ■ 

planu.        some,  as  the  onion,  it  is  contained  in  the  leaves  ;  it  is  lodged  id  lb 
pod  of  the  pea,  and  in  the  leaves  of  some  species  of  faci.     In 
plants  the  proportion  of  oxygen  in  this  air  is  greater  than  in 
air,t  and  others  contain  more  nitrogen  ;  but  generally  so  faru 
riments  have  been  made  it  is  common  air  unaltered. 
2216.  The  bark  is  composed  of  three  distinct  portions ;  the 

^*'^*  most  or  epidermis,  the  parenchyma,  and  that  next  the  wood  the  ei^ 
tical  layers.  The  latter  consist  of  several  thin  membranes,  compotfl 
of  fibres  forming  a  kind  of  net-work. 

*  See  Batfy's  experimentfl,  T.  Org,  Bodiet^  756,  and  Jaur,  de  Pkarm,  ^in.  W. 

There  are  eeTerel  saKstances  obuined  from  plants  bj  proocsnea  «>™ii"  liAai 
''"St'  *^  employed  for  obtaining  the  Tegetnble  alkalies,  wniofa  ha^e  been  amoMd  MfHtohf 
ujIim  Bitti).  Thomson.  They  are  caffein  from  coffee,  piperin  from  peppvr,  dapkA  fnm  ^"^^ 
gm.  alpina  and  mezeriumtjalappin  from  jalap,  nnafrin  from  nmatiril ,  Ifc giim  I'lftl   ' 

unripe  onnge  and  lemon,  pt^nUin  uadplumbagm.    For  d«taik  •••  T.  '^. 

t  Priestley,  iiL  87f. 


2217.  The  tubsttnee  known  as  cork  is  the  epidermis  of  the  quercut   Baaur. 
9uker,  which  contains  a  peculiar  principle  called  tuberin.    Three  Cork* 
difierent  kinds  of  cinchona  bark  were  early  distinguished,  the  pale, 

red  and  yellow.  The  first  is  the  bark  of  the  cinchoTui  laneifolUa^  the 
•econd  of  the  c.  oblongifolia,  and  the  last  of  the  c.  cordifotia.^ 

2218.  The  roots  of  a  great  variety  of  plants  are  employed  in  me-  Roots, 
dicine  and  the  arts.     The  substances  found  in  them  are  various ; 

and  indeed,  as  the  peculiar  juices  of  the  roots  are  always  included  in 
•ach  examinations,  it  is  clear  that  almost  all  the  vegetable  principles 
will  be  found  in  them.   T. 

2219.  Bulbs  are  composed  of  concentric  coats  like  the  onion ,  or  Bulbs. 
are  imbricated.     Several  of  them  are  used  as  nutritive  articles  of 
food,  and  some  constitute  active  medicines. 

Squill,  the  bulbous  root  of  the  sciUa  maritima^  owes  its  peculiar  SquOi. 
properties  to  a  species  of  bitter  principle  which  has  been  called 
wdUtin. 

Potatoes  are  the  bulbs  of  the  iolanum  tuberosum,  an  American  Potato«» 
plant,  said  to  grow  wild  in  Peru  and  Chili.     According  to  Einhof 
potatoes  afford 

Surch  ,  .  .  ,  •  ]5t 

Fibroin  matter  •  •  •  •  7 

Albumen       .  •  •  .  •  1^ 

Mucilage       .  «  •  •  .  4 

Tboj  afforded  alio  a  miiture  of  tartaric  and  pboaphoric  acida.  , 

When  potatoes  are  exposed  to  the  action  of  frost,  they  acquire  a  Actjonef 
aweet  taste,  followed  by  an  acid  taste,  owing  to  the  rapid  evolution  of  ^'"^^'P^* 
acetic  acid,  and  the  root  soon  putrefies.    The  sugar  is  formed  at  the 
expense  of  the  mucilage.     Potatoes  differ  from  wheat  and  barley  by 
containing  no  gluten. 

2220.  Woods.     The  mere  woody  fibres  of  all  plants  are  probably  Woeds. 
OMurly  the  same,  and  the  differences  are  owing  to  the  various  propor- 
lioDS  of  liquids  and  empty  spaces  with  which  the  woody  fibres  are 
iaterroixed.t    The  vegetable  fibres  in  herbaceous  plants  correspond 

to  the  wood  of  trees.      In  some  it  is  flexible  and   tough,  as  in 
Ketnp,  nettles,  &c.^ 

2221.  Cotton  is  a  soft  down  which  envelopes  the  seeds  of  various  Cotton, 
species  of  gossypium.  It  has  a  strong  affinity  for  some  of  the  earths, 
•specially  alumina ;  hence  this  substance  is  used  to  fix  colours  on 
cotton  ;  the  cloth  is  steeped  in  a  solution  of  alum  or  acetate  of  alu- 
mioa,  and  afterwards  dyed.  Several  of  the  metallic  oxides  also 
combine  with  it  readily,  of  which  oxide  of  iron  is  one  of  the  most  re* 
mofVabln  Oxide  of  tin  also  combines  with  it  and  is  used  as  a  mor- 
dkot. 

2222.  Cotton  combines  readily  with  tannin  and  forms  a  yellow  or 
krown  compound.  Hence  infusion  of  galls,  and  of  other  astringent 
oabstances  is  often  used  as  a  mordant  for  cotton. 


*  The  bark  from  which  quioia  ia  extraeted  in  PVanee,  is  called  quinquina  eaUaojfa  ; 
iIm  aptdes  of  cinchona  to  which  it  belongs  does  not  seem  yet  accurately  known.  T. 

tFar  table  of  the  qnantity  of  starch  fton  diffiirsnt  kinds  of  poutoes,  aee  T.  Org, 

"  I,  a«i. 

t  PIsr  a  tibis  ef  tka  fssahs  ef  the  naslyais  ef  ▼srimw  woods  sts  T.  0»y .  IMfiit,  S4S. 
f  FnImps  the  Aiis  oofht  la  be  WMid«sd  fslkw  ss  the  JOff  or  iBBsr  bsrk* 


«w» 


OJih^f^rUfiiPlmtM. 


OtMlp.lX 

duintity 
of  oxygen 
required  for 
oombustioB 
of  woocbi. 


Semuu 


Night- 
•hade. 


FiOW0n> 


Colouring 


Hemlock.  ; 


8283.  The  quantity  of  oxygen  required  for  baraing  100  putt  tf 

various  kinds  of  wood  has  been  made  the  aubjeci  of  experioMMti 

which  are  important,  as  this  oxygen  is  proportionable  to  the  qui* 

tity  of  heat  evolved  by  each. 

100  parts  of  TUia  Europea,  2niu  require  140523 

Ulmua  Buberoca,  dm     "  .        .        139.408 

Pinna  abie8,Jlr              **  138.377 

«<      larix,Iardk          «<  138.081 

Acer  campeetriSffM^  **  136.960 

FHnua  pioeaj  ptCcA-^ma  ^  136.886 

Juglana  regia,  tooZmcl    '*  135.690 

Serous  robur,  oak        '*  .        .        133  478 

Betula  alba,  frtrc4          "  133.229* 

2224.  Leaves,  Senna,  According  to  Lagrange  the  learee  of  tkt 
Cassia  senna  are  characterized  by  containing  a  peculiar  extractiit 
principle,  cathartina,  which,  by  long  boiling,  passes  into  a  resinoai 
substance,  in  consequence  of  absorbing  oxygen  ;  they  also  eooliia 
a  resin  which  resists  the  action  of  water,  and  is  soluble  in  alcohol; 
the  whole  of  the  soluble  matter  amounts  to  about  one  third  the  weight 
of  the  senna.t 

2225.  Nightshade.  The  leaves  of  the  Atropa  BtOadamm  ear 
tain,  according  to  Vauquelin, 

1.  Vegetable  albumen,  or  gluten. 

2.  A  bitter  narcotic  principle. 

3.  Nitrate,  muriate,  lulphate,  binoxalate,  and  acetate  of  pntei 

Brandes  announced  the  existence  of  a  new  vegetable  alkali  io  lUi 
plant,  which  he  calls  atropia>  It  forms  brilliant  acicular  crystiki 
tasteless,  and  difficultly  soluble  tn  water  and  alcohol. 

2226.  Hemlock^  conium  mactdatum.  This  plant  was  fommif 
called  cicuta;  it  contains  a  peculiar  principle  contcina,  and  its  jaiee 
in  chemical  composition  has  a  striking  similarity  to  that  of  the  cd^ 
bage. 

2227.  Flowers,  The  colouring  matter  of  most  flowers  is  extremsff 
fugitive,  and  is  generally  much  changed  by  mere  exsiccation.  Thcf 
usually  communicate  their  colour  to  water ;  the  infusion  of  bhi 
flowers  is  generally  reddened  by  acids,  and  changed  to  green  orjtt 
low  by  alkalies  ;  that  of  yellow  flowers  is  made  paler  by  acids,  wi 
alkalies  render  it  brown ;  the  red  infusion  of  many  flowers  is  enhrf 
in  tint  by  acids,  and  changed  to  purple,  and  in  some  insuuices,ii 
green,  by  alkalies. 

It  is  probable  that  one  and  the  same  principle  gives  colour  to  seve- 
ral of  the  blue  and  red  flowers,  but  that  the  presence  of  acid  io  iki 
latter  produces  the  red  ;  the  petals  of  the  red  rose,  triturated  witli  a 
little  carbonate  of  lime  and  water,  give  a  blue  liquor ;  alkalies  reato 
it  green,  and  acids  restore  the  red. 

2228.  A  colouring  matter  analogous  to  that  of  the  violet,  exists  it 
the  petals  of  red  clover,  in  the  red  tips  of  those  of  the  commoo  dsin, 
of  the  blue  hyacinth,  the  holly-hock,  lavender,  in  the  inner  leates  of 
the  artichoke,  and  in  numerous  other  flowers ;  reddened  by  an  aoi 
it  colours  the  skin  of  several  plums,  and  the  petals  of  the  scafieC|e 


*  Ann,  de  Pham.  zrii.  U4. 

tIatheLenil.  JM. /loMe.  ^-1  r^  1  iTf.  tlii  iflTintf  irf  ths  nf  isaa  it  saa<s  afc 
ftisioa  ef  teDoa  tre  detailid  by  Bs^. 


f«niam  and  pome^miftte.  Some  flowen  which  are  rod,  heeome  »>«*▼' 
bine  by  merely  bruising  them ;  this  is  also  the  case  with  the  colour^ 
iDg  matter  of  red  cabbage  leaves,  and  of  the  rind  of  the  long  radish. 
Smithson  has  suggested  that  the  reddening  acid  is  in  these  cases  the 
carbonic,  which  escapes  on  the  rupture  of  the  vessels  which  inclose 
it. 

2229.  The  petals  of  the  common  camrpoppy,  rubbed  upon  paper, 
give  a  purple  stain,  little  altered  by  ammonia,  or  carbonate  of  soda, 
bat  made  green  by  caustic  potassa.  The  infusion  of  poppy-petals  in 
very  dilute  hydrochloric  acid«  is  florid  red ;  chalk  added,  renders  it  of 
the  colour  of  port  wine ;  carbonate  of  soda  in  excess  gives  the  same 
colour*  but  excess  of  potassa  changes  it  to  green  and  yellow.  The 
expressed  juice  of  the  black  mulberry  possesses  nearly  the  same  pro- 
perties.* 

2230.  Seeds.     Starch  is  an  essential  component  of  the  greater  Sctds. 
namber  of  seeds,  and  it  is  generally  united  in  them  with  a  variable 
portion  of  gluten,  and  often  of  fixed  and  of  volatile  oil. 

Davy  examined  a  number  of  seeds  with  a  view  to  determine  their 
relative  nutritive  powers :  for  the  results  of  his  experiments  see  Ag' 
fieuliural  Chemistry,  4to.  131. 

2231.  Almonds^  the  seeds  of  the  amygdalus  communis,  consist  of '^^'■'^^■'^ 
ao  albuminous  substance  and  oil ;  the  latter  may  be  obtained  by  ex- 
pression, five  pounds  yielding  about  one  pound  of  cold  drawn  oil,  and 
about  a  pound  and  a  half  when  aided  by  heat.     The  bitter  almond 
affords  by  pressure  an  oil  analogous  to  that  from  the  former ;  but  if 

the  expressed  cake  be  distilled  with  water,  a  portion  of  volatile  oil 
eminently  poisonous,  and  smelling  strongly  of  the  almond,  is  ob- 
tained ;  this  oil  is  used  as  a  flavouring  material  by  confectioners,  and 
by  the  manufacturers  of  noyeau.t 

2232.  ColocyntK  The  pulp  of  the  fruit  of  the  cucumis  colocynthis  Colocjntk. 
or  bitter  cucumber  is  much  used  in  medicine  under  the  name  colO' 
qutntida.     It  contains  a  peculiar  bitter  principle  colocyrUhin, 

3233.  EUUerium  is  deposited  from  an  infusion  of  the  fruit  of  the  Elsttrioi. 
wt0mordica  elaterium  or  wild  cucumber.     The  active  principle  has 
baen  obtained  by  Paris  and  Faraday  and  named  elatin.X 

2234.  Coffee,  the  seed  of  the  Coffea  Arabica  has  been  examined  Cafl>«. 
both  in  its  raw  and  roasted  state. 

Hermann  has  given  the  following  comparative  analysis  of  cofiee 
from  the  Levant  and  from  Martinique,^  the  results  of  which  difler 
moch  from  those  of  Cadet: 

MATtlnlaiM. 
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When  coffee  is  roasted  it  undergoes  a  peculiar  change  of  compo- 

•Smitbsoa,  Pkil.  TVaiu.  1S18, 110. 

t  In  th«  Pkil,  TranM.  for  1811,  Brodk  baa  detailed  •  Ttriety  of  experimeiits  illot- 
Siative  of  its  actMNi  u  a  poisoa. 
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486  Cdauring  Matttr  of  JVicttr. 

Q>»p-  '^  sition  attended  by  the  formation  of  tannin,  and  a  Tolatile,  fragrant,  wd 
aromatic  principle  ;  but  in  this  state  it  has  not  been  examined  wiik 
any  precision.     It  is  developed  also  by  roasting  barley,  beans  ud 
various  vegetables,  w^hich  are  on  that  account  occasionally  emidoyrf 
as  substitutes  for  coflee.     Robiquet  discovered  in  cofiee  the  pnndpb 
called  caffein. 
Mattard.        2235.  Mustard,    The  seed  of  the  sinapis  nigra  derives  its 
mony  from  volatile  oil ;  it  also  contains  a  tasteless  fixed  oil, 
gum,  and  traces  of  sulphur  and  earthy  salts. 
Lapalin.         2^6.  iMptdin  was  discovered  by  Ives^  and  Payea  and  Cktifr 
lier,  about  the  same  time,  in  the  leaves  of  the  Humulus   htpmha  m 
common  hop.     It  is  extremely  bitter,  of  a  yellow  colour,  and  hmm 
aromatic  odour.     It  is  the  principle  on  which  the  ch&raeteriitic  f»> 
perties  of  the  hop  depend. 
Citiflin.  2237.  Citisin  was  discovered  by  Payen  and  Cheralier  in  At 

seeds  of  the  Cytistts  Laburnum.     Its  colour  is  yellow,  and  it  hai  • 
disagreeable  taste  ;  it  is  soluble  in  water,  alcohol  and  ether.    Ilii 
easily  decomposed  by  heat,  and  the  strong  acids  produce  the  mm 
effect. 
^^^      2238.    BiaUs.    The  acid  matter  contained  in  fruits  b  either  Ik 
'    tartaric,  oxalic,  citric,  or  malic;  or  a  mixture  of  two  or  more d* 
them  ;  but  the  nature  and  proportion  of  the  acid  varies  at  diflefol 
periods  of  their  growth ;  gluten  and  starch  are  found  in  some  frailly 
and  a  gelatinizing  substance,  which  has  sometimes  been  regarded  m 
identical  with  animal  jelly,  but  which  is  probably  a  cocnpoood  rf 
gum  and  one  or  more  vegetable  acids. 
And  togar.     2239.  Most  of  our  common  fruits  also  contain  sugar,  and  it  eub 
in  all  those  the  juice  of  which  is  susceptible  of  Tinous  lermentatiak 
In  some  fruits  the  quantity  of  sugar  is  increased  by  mashing  ioi 
exposure  to  air;  this  is  remarkably  the  case  with  some  of  the  roo|lh 
flavoured  apples  used  for  cider,  the  pulp  of  which  becomes  browii 
and  at  the  same  time  sweet  by  a  few  hours'  exposure. 
Coiooring       2240.  The  colouring  matter  of  fruits  seems  in  most  cases  loboff 
a  strong  resemblance  to  that  of  flowers.     The  red  juice  of  tkr 
mulberry  was  found  to  exhibit  the  same  characters  as  the  colooraf 
principle  of  the  wild  poppy  ;  carbonated  alkalies  render  it  bliie,btt 
caustic  potassa  changes  it  to  green  and  yellow :  the  juice  of  ni 
currants,  cherries,    elder-berries,  and  privet-berries,  and   the  ikii 
of  the  buckthorn  berry,  appear  to  contain  a  similar  colouring  prit* 

ciple. 

Sap  green.  2241.  The  unripe  berries  of  the  buckthorn  furnish  a  juice,  wbicfc, 
when  inspissated,  is  known  under  the  name  of  sap  green.  Itii 
soluble  in  water,  and  rendered  yellow  by  carbonate  of  soda  ioi 
caustic  potassa  ;  the  acids  redden  it,  and  carbonate  of  lime  lesloni 
it  to  green,  which  is  therefore  probably  the  proper  colour  of  Ai 
substance.f 

*  Amgr.  Jour*  ii*  t  Smlthsoo,  PhiL  TVoiw.  1818,  p.  11^ 
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SicnoN  VI.    Phenomtna  and  Produds  of  Ptrmentatum.  ^'^  ^- 

2242.  The  term  fermentation  is  employed  to  signify  the  sponta-  Fermentm- 
oeoua  changes,  which  certain  vegetable  solutions  undergo,  placed  ^""'' 
under  certain  circumstances,  and  which  terminate  either  in  the  pro- 
duction  of  an  intoxicating  liquor,  or  of  vinegar;  the  former  termi-i^^^^ 
nation  constituting  vinous^  the  latter  acetous  fermentation- 

The  principal  substance  concerned  in  vinous  fermentation  is  su- 
gar ;  and  no  vegetable  juice  can  be  made  to  undergo  the  process, 
which  does  not  contain  it  in  a  very  sensible  quantity.  In  the  pro- 
duction of  beer,  the  sugar  is  derived  from  the  malt ;  in  that  of  wine, 
fipom  the  juice  of  the  grape. 

2243.  Malt  it  barley  which  has  been  made  to  germinate  to  a  cer^  MaJt. 
tain  extent,  after  which  the  process  is  stopped  by  heat.     The  barley 

is  steeped  in  cold  water,  and  is  then  made  into  a  heap  or  couch^\x^jk 
the  maltfloor ;  here  it  absorbs  oxygen  and  evolves  carbonic  acid ;  its 
temperature  augments,  and  then  it  is  occasionally  turned  to  prevent  its 
becoming  too  warm.     In  this  process  the  radicle  lengthens,  and  the 

Elume  called  by  the  maltsters  the  acrospire^  elongates  ;  and  when  it 
as  nearly  reached  the  opposite  extremity  of  the  seed,  its  further 
growth  is  arrested  by  drying  at  a  temperature  slowly  elevated  to 
I6(f  or  more.     The  malt  is  then  cleansed  of  the  rootlets. 

2244.  Iq  the  manufacture  of  ^er,  the  malt  ii  ground  and  infused  in  the  mtuk*  Beer. 
Iim,  in  rather  more  than  its  bulk  of  water,  of  the  temperature  of  160^  or  IdO^. 
Hmrt  the  mixture  is  stirred  for  a  few  hours ;  the  liquor  is  then  run  off,  and  more 
water  added,  until  the  malt  is  exhausted.    These  infusions  are  called  wort^  and 

ili  principal  contents  are  tacckarine  mmitefy  stmrekj  mueilagtt  and  a  small  quanti-  Wort. 
ff  «if  glMtem     The  strength  of  the  wort  is  adjusted  by  iu  specific  gravity,  which 
is  usually  found  by  an  instrument,  not  auite  correctly  called  a  saeckaromeier^ 
■nee  it  IS  influenced  by  all  the  contents  or  the  wort,  and  not  by  the  sugar  only* 

The  wort  is  next  boiled  with  hops,  amounting  upon  the  avera^,  to  2\>  the 
weight  of  the  malt,  their  use  bein||  to  cover  the  sweetness  of  the  liquor  by  their 
aromatic  bitter,  and  to  diminish  its  tendency  to  acidify.  The  liquor  is  then 
Ihrowo  into  lar^,  but  very  shallow,  vessels,  or  coders^  where  it  »  cooled  to 
about  50^,  as  quickly  as  possible ;  it  is  then  suffered  to  run  into  the  ftrmmUimg 
iMl,  having  been  mixed  with  a  proper  quantity  of  y^st.    (See  Add&nda  ) 

2245.  In   the  fermenting   vessel,  the   different  sub-      ^'**  '*• 
attioces  held  in  solution   in  the  liquor  begin  to  act  upon 
a€ch  other;  an  intestine  motion  ensues,  the  temperature  \^q 
of  the  liquor  increases,  carbonic  acid  escapes  in  large  quan- 
tities ;  at  length  this  evolution  of  gas  ceases,  the  liquor 
becomes  quiet  and  clear,  and  it  has  now  lost  much  of  its 
sweetness,  has  diminished  in  specific  gravity,  acquired          14.50 
m  Dew  flavour,  and  become  intoxicating.! 


*  It  is  a  brass  instramcot,  of  the  shane  sboum  in  fig.  198,  so  adjust- 
•d  *Q  weight  as  to  sink  to  the  point  marked  0^,  in  distHled  water,  at  the 
t«u  jperatnre  of  ro®,  and  when  immersed  in  a  li<)aor  of  ihe  same  tern* 
pcrature,  and  of  the  specific  gravity  of  1.100.  it  is  buoyed  up  to  the 
mark  lOO,  just  above  the  bulb.  The  intermediate  space  is  divided  into 
100  eqoal jMrts,  and  consequently  will  indicate  intermediaie  decrees  of 
•p.  gr.  This  is  the  most  aselul  form  of  the  instrument,  though  not 
tut  in  common  usi*.  The  specific  graviiy  of  the  wort  for  ale  is 
asvally  about  l  090  to  1. 100  and  for  Uble  beer  from  1.020  to  1.030. 

f  The  distillers  fnrepare  a  liqnor,  etiled  isosA.  for  the  eiprest  parpoae 
ei  nodQcinf  fiom  it  aideot  apirito;  instead  of  brewiag  this  from  para 
aMlt,  tbcj  chiefly  employ  raw  gnia,  mixed  with  a  sbmuI  qoaatitj  only 
ei  Maliad  giaia ;  the  water  naployad  in  the  maah-ia>  it  ef  a  lower 
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2246.  Wine  is  principally  procured  from  the  jaice  of  the  gnpt, 
and  some  other  saccharine  and  mucilaginous  juices  of  fruits.  This 
sweet  juice  is  termed  mtist  The  principal  substances  held  in  sola- 
tion  in  grape  juice  are  sugar,  gum,  ghUen,  and  tartrate  of  fiufaiM 
It  easily  ferments  spontaneously  at  temperatures  between  60"  9oi 
80^,  and  the  phenomena  it  gives  rise  to  closely  resemble  those  d 
the  wort  with  yeast.  After  the  operation,  its  sp.  gt.  is  mad 
diminished,  its  flavour  changed,  and  it  has  acquired  intoxieatiif 
powers. 

2247.  As  the  fermentation  of  must  takes  place  without  adding  sbj 
firmentt  it  is  obvious  that  the  requisite  substance  is  present  iu  the  join 
This  was  separated  by  Fabroni  and  found  to  be  analofi^ous  to  thegl 
of  plants ;  and  gluten  being  substituted  for  it,  the  fermentation 
ceeded.  He  has  shown  that  the  saccharine  part  of  must  resides  ■ 
the  cells  of  grapes,  while  the  glutinous  matter,  or  ferment,  is  lod|ri 
on  the  membranes  that  separate  the  cells.  It  is  only  after  the  juiee 
is  squeezed  out  that  these  two  substances  are  mixed.  All  oths 
juices  that  undergo  spontaneous  fermentation  have  been  shown  \f 
Thenard  and  Seguin  to  contain  a  similar  substance. 

2248.  Gay  Lussac  has  shown  that  the  juice  of  fruits  will  nocfer 
ment,  if  completely  excluded  from  the  air.  But  if  a  little  oxyga 
gas  be  let  up  to  it,  this  gas  is  absorbed  and  fermentation  goes  on',  the 
carbonic  acid  evolved  being  100  times  as  great  as  that  of  the  oxyga 
absorbed.^ 

2249.  It  seems  probable  that  the  tartaric  acid  is  partly  decompoNd 

and  a  portion  of  malic  acid  formed  during  the  process,  which  ii 

analogous  to  combustion,  being  attended  by  the  evolution  of  calofk 

and  the  formation  of  carbonic  acid. 

22.'>0.  If  a  mixture  of  1  part  sugar, 
4  or  5  of  water,  and  a  little  yeast,  be 
placed  in  a  due  temperature,  it  also 
soon  begins  to  ferment,  and  gives  rise 
to  the  same  products  as  won  or  ^pe- 
juice ;  and  the  results  may  easily  be 
examined  by  suffering  the  process  to 
go  on  in  the  apparatus  fig.  199,  con- 
sisting of  a  matrice  containing  the 
fermenting  mixture,  with  a  bent  tube 
issuing  from  it,  and  passing  into  an 
inverted  jar  standing  in  water. 

2251.  When  any  of  the  above-mentioned  fermented  liquon 
distilled,  they  afford  a  spirituous  liquor ;  that  from  wine  is  tennad 
brandy;  from  the  fermented  juice  of  the  sugar-cane  we  obiaxB 
rum;  and  from  wash,  malt  spirit;  and  these  spirituous  liqoon, bf 
re-distillati(m,  furnish  spirit  of  wine,  ardent  spirit,  or  tUcokolA 

2252.  The  peculiar  odour  of  wine  is  owing  to  the  presence  of  a 
small  quantity  of  a  substance  analogous  in  properties  to  a  volalia 

temperature  than  that  requisite  in  brewing,  and  the  mashing;  longer  cooxmmi :  W 
which  it  would  appear  that  a  part  of  the  starch  of  the  barley  ia  rcnderad  iata  a  kill 
of  saccharine  matter.    The  wort  is  afterwards  fermented  with  yeut. 

*  Ann.  de  Chim.  xvi.  245. 

t  For  the  proportions  of  alcohol  famished  by  difierent  formentcd  Uqoon  «■  i^  ML 
The  experimenu  of  Brande  {Phil.  Trana.  1811—13)  thaw  thai  itis  a  i 
also  Henderson's  TabU  in  Bre«slsr*i  Jaicr.  i.  IM. 
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oil.  It  amounts, at  an  average,  to  about  ^.\n>ir^  part  of  the  wine.  fiti.rL 
It  may  be  obtained  by  distilling  the  lees  of  wine.  It  has  been  called  jEnantUe 
ananthic  ether.*  •**>«'• 

2253.  Acetous  fermentation.  When  any  of  the  vinous  liquors  are  j^f^Sl- 
nposed  to  the  free  access  of  atmospheric  air  at  a  temperature  of  tSS!'"*' 
Sfr  or  85^  they  undergo  a  second  fermentation,  terminating  in  the 
production  of  a  sour  liquid,  called  vinegar.    Vinegar  is  usually  ob-  vinegw. 
tained  from  malt  liquor  or  cider,  while  wine  is  employed  as  its 
aource  in  those  countries  where  the  grape  is  abundantly  cultirated. 

2254.  The  colour  of  vinegar  varies  according  to  the  materials  PropntiM. 
from  which  it  has  been  obtained ;  that  manufactured  in  England  is 
generally  artificially  coloured  with  burnt  sugar :  its  taste  and  smell 

are  agreeably  acid.  Its  specific  gravity  is  liable  to  much  variation ; 
it  seldom  exceeds  1.0250.  When  exposed  to  the  air  it  becomes  mouldy 
and  putrid,  chiefly  in  consequence  of  the  mucilage  which  it  con- 
tains, and  from  which  it  may  be  in  some  measure  purified  by  careful 
distillation. 

2255.  Neither  pure  alcohol,  nor  alcohol  diluted  with  water,  is  sus*  Alcohol 
ceptible  of  this  change.     The  weaker  the  wine  or  the  beer  the  more  undnSibo 
readily  it  is  converted  into  vinegar,  yet  strong  wines  yield  a  better  chang*. 
Tinegar,  so  that  alcohol  contributes  to  the  formation  of  the  acetic  acid. 

Wine  entirely  deprived  of  glutinous  matter  does  not  undergo  the 
acetous  fermentation,  until  some  mucilaginous  matter  is  restored 
to  it. 

2256.  Wine  which  is  completely  deprived  of  all  access  to  atmos-  ^J|^?rf** 
pheric  air  never  becomes  sour.     In  order  to  understand  what  takes  fonnttiov 
place  during  the  conversion  of  alcohol  into  acetic  acid,  we  have  onlyor]|^^ 
to  attend  to  the  constitution  of  these  two  bodies.     Alcohol  is  C^HgO  ^'  ' 
-4-HO  while  acetic  acid  is  C4H1O3-I-HO.     In  the  first  place  2  atoms 

of  oxygen  are  absorbed   from  the  atmosphere   for  every  integrant 
{     part  of  alcohol  present.     These  combine  with  two  atom^  of  hydro- 
gen and  form  water,  leaving  the  alcohol  in  the  state  of  C4HaO-|-HO, 
this  is  aldehyde.     The  aldehyde  has  a  strong  affinity  for  oxygen  and 
abaorbs  2  atoms  of  it  from  the  atmosphere,  and  is  converted  into 
C«H|09-4~HO  or  acetic  acid.     Thus  during  the  conversion  of  alcohol 
into  acetic  acid,  every  atom  of  alcohol  ab.'«orbs  4  atoms  of  oxygen 
from  the  atmosphere      Here  unless  the  air  be  renewed  the  process 
ceases  to  go  on.     Even  when  the  process  is  properly  conducted 
about  I'^th  of  the  whole  acetic  acid  formed  is  lost.     But  when  the 
air  is  not  supplied  to  enable  the  aldehyde  to  absorb  oxygen  at 
'    But  as  it  is  formed,  a  great  deal  is  volatilized,  and  the  consequent  loss 
'    of  acetic  acid  may  be  very  great.t 

2257.  When  the  acetous  fermentation  is  over  the  whole  of  the  k^ij^  ^^ 
malic  acid  of  the  wine  has  disappeared  as  well  as  the  alcohol.     We  tpd  deobol 

*  must  conclude  that  they  have  been  both  converted  into  acetic  acid.  f^iMppMrt. 
^  Piart  of  the  glutinous  matter  undergoes  the  same  change,  part  is  de- 

*  posited  in  the  state  of  flakes,  and  part  remains  in  solution,  disposing 
the  vinegar  to  decomposition. 

*  Ann,  de  Oiim.  et  <U  Phyt.  Iziii.  113. 

t  Tliis  ihovB  tht  nacwrity  oa  the  put  of  nuumbetiirtn  of  ptrpMmlly  leBcuiDg  tht 
•ir  of  tlitirchamben. 
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2258b  Sugar  appears  to  be  the  essential  constituent  in  Uquon  ts 
be  converted  into  vinegar  and  the  quantity  of  vinegmr  formed  is  pn^ 
portionai  to  the  sugar. '^     T.  1033. 

2259.  Panary  fermentation.  The  change  which  dough  undeigMii 
attended  with  the  disengagement  of  carbonic  acid  gas,  has  beci 
called  the  panary  fermentation.  The  adhesive  gluten  of  the  fliir 
enables  it  to  be  distended  by  the  carbonic  acid  saa,  and  the  ma 
rises.  The  mean  heat  of  a  baker's  oven  is  44S°,  this  stop  tk 
fermentation,  and  the  detained  gas  is  expanded,  giving  to  the  ktf 
its  vesicular  structure.  Carbonate  of  ammonia  is  sometimes  «■- 
ployed  to  render  the  bread  porous. 

2260.  Putrefaction,  Vegetable  substances  are  decomposed  spor 
taneously  if  moist,  provided  the  air  has  access  to  them  and  the  tM- 
perature  be  not  much  under  45*^,  nor  so  high  as  to  drive  off  the 
moisture.  Plants  do  not  putrefy  in  vacuo,  or  at  least  very  slowif. 
If  placed  in  bottles,  well  closed*  and  exposed  to  the  temperatorerf 
boiling  water  a  partial  vacuum  is  formed  within  and  they  may  b 
kept  fresh  for  a  considerable  length  of  time.t 

2261.  When  vegetables  contain  nitrogen  the  gases  given  off  dr 
ring  putrefaction  are  peculiarly  offensive  ;  this  is  the  case  with  tht 
cruciform  plants,  and  when  sulphur  and  phosphorus,  it  is  mack 
more  so.  When  these  substances  putrefy  on  the  surface  of  tk 
ground,  they  leave  humus  or  vegetable  soil,  which  consists  chieflj  d 
the  extractive  matter  called  by  Berzelius  apotheme. 


CHAPTER  X. 


ANIMAL   SUBSTANCES. 

Section  I.     Ultimate  Principles  of  Animal  Matter,  and  ProiKt 

of  its  Destructive  Distillation. 

2262.  The  proximate  principles  of  the  animal  creation  consist,  Ife 

Proximate  jjjQse  of  vegetables,  of  a  few  elementary  substances,  which  by  co«- 
principles.    , .      ^.       .   "*       .  ..  ••*.!.•  ^'  .i^ 

bmation  in  various  proportions,  give  rise  to  their  numerous  vanetNS* 
Carbon,  hydrogen,  oxygen,  and  nitrogen,  are  the  principal  aliion* 
elements  of  animal  matter ;  and  phosphorus  and  sulphur  are  ibs 
often  contained  in  it.  The  presence  of  nitrogen  constitutes  the  ai^ 
Nitrogen,  striking  peculiarity  of  animal,  compared  with  vegetable  bodies;  bi> 
as  some  vegetables  contain  nitrogen,  so  there  are  also  certain  somI 
principles,  into  the  composition  of  which  it  does  not  enter. 

2263.  The  presence  of  nitrogen  stamps  a  peculiarity  apoa  ihi 
products  obtained  by  the  destructive  distillation  of  animal  matter,*' 
which  are  characterized  by  the  presence  of  ammonia,  formed  bgriki 

mmonia.  y^^j^^^  ^f  ^jjg  hydrogen  with  the  nitrogen.     It  is  sometimes  so 


*  SeTen  water,  one  sugar,  and  some  yeaat  ferment  in  a  proper  timpiiiimiwifaS' 
an  excellent  Tinegar.  Ann.  de  Chim.  Ixii.  248.  For  a  full  account  of  the  pneMfliM* 
Ure'i  Diet.  A.  and  M.\.  *^ 

t  On  thia  ia  founded  the  mtthod  of  prtaerring  TirftaMta.  ftnht. 4tfk  9mW* 
Did,  A.  and,  M,  IMS. 
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dantly  generated  as  Co  be  the  leading  product ;  thus,  when  horn,  atcuL 
hoofs,  or  bones,  are  distilled  per  te,  a  quantity  of  solid  carbonate  of 
ammonia,  and  of  the  same  substance  combined  with  empyreumatic 
oil,  and  dissolved  in  water,  are  obtained ;  hence  the  pharmaceutical 
preparations  culled  spirit  and  salt  of  hartshorn^  and  Dippcl's  animal 
€ni.  Occasionally  the  acetic,  benzoic,  and  some  other  acids  are 
formed  by  the  operation  of  heat  on  animal  bodies,  and  these  are 
found  united  to  the  ammonia ;  cyanogen  and  hydrocyanic  acid  also 
frequently  occur. 

2364.  If  the  gas  evolved  during  the  decomposition  of  animal  ^*  ^^"?^' 
diet  be  examined,  it  is  generally  inflammable,  and  consists  of  carbu-l^Q^ 
retted  hydroti^en,  often  with  a  little  sulphuretted  and  phosphuretted 
hydrogen ;  carbonic  oxide,  carbonic  acid,  and  nitrogen  are  also  some- 
tinaes  detected  in  it. 

The  coal  remaining  in  the  retort  is  commonly  very  difficult  of  in- 
cineration, a  circumstance  depending  upon  the  common  salt  and 
phosphate  of  lime,  which  it  usually  contains,  forming  a  glaze  upon 
Its  surface  which  defends  the  cnrboO  from  the  action  of  the  air. 
Animal  charcoal  is  also  found  to  be  more  efTcctual  in  destroying  co- 
lour  and  smell,  than  that  obiained  from  vegetables. 

2265.  By  the  term  putrefaction  we  mean  the  changes  which  dead  ^'*'*^ 
animal  matter  undergoes,  and  by  which  it  is  slowly  resolved  into  new 
products.     These  changes  require  a  due  temperature,  and  the  pre* 
sence  of  moisture ;  for  below  the  freezing  point  of  water,  or  when 
perfectly  dry,  it  undergoes  no  alteration. 

During  putrefaction  the  parts  become  soft  and  flabby,  they  change 
in  colour,  exhale  a  nauseous  and  disgusting  odour,  diminish  consi- 
derably in  weight,  and  afford  several  new  products,  some  of  which 
escape  in  a  gaseous  form,  others  run  off  in  a  liquid  state,  and  others 
are  contained  in  the  fatty,  or  earthy  residuum. 

The  presence  of  air,  though  not  necessary  to  putrefaction,  materi- 
ally accelerates  it,  and  those  gases  which  contain  no  oxygen,  are  AntiMp- 
Tery  efficient  in  checking  or  altogether  preventing  the  process.  Car-  ^  * 
boDic  acid  also  remarkably  retards  putrefaction  ;  and  if  boiled  meat 
be  carefully  confmcd  in  vessels  containing  that  gas,  it  remains  for  a 
▼ery  long  time  unchanged,  as  seen  in  Appert*s  method  of  preserving 
meat* 


*Thii  method  ii  now  succoufuUy  prmctited  in  England,  upon  the  great  commercial  i^,^,^  ^.^ 
bI«,  for  keeping  beef,  talmoo,  toopt.  die.  perfectly  fresh  and  tweet  for  exportation.  MTviaff  mMtr 
^    na  proceitt  It  as  follows  ;  Let  the  tohstance  to  be  prescrTed  be  first  |Nurboile<l,  or  ra-  *«• 
f'    Umt,  sonMwhat  more,  the  bones  of  the  meat  being  prefiously  removed.    Put  the  meat 
^   inlo  a  tin  cylinder,  fill  up  the  vessel  with  trasonea  rich  soup,  and  then  solder  on  the 
lid,  Mtraed  with  a  small  nole.    When  this  has  been  done,  let  the  tm  Teasel  thos  nra- 
'   pand  bt  placed  in  brine  and  heated  to  the  boiling  point,  to  complete  the  cookmg  oi  the 
^   aaat.    Tlie  hole  of  the  lid  is  wiw  to  be  closed  by  soldering,  whilst  the  air  is  rarefied. 
^1   fW  vtaaei  is  then  allowed  to  cool,  and  from  the  diminution  of  Tolume,  in  consequence 
if  tba  reduction  of  temperature,  both  ends  of  the  cylinder  are  pressed  inwards  and  be- 
i'  VQCM  eooca?e.    The  tin  cases,  thus  hermeticallv  sealed,  are  exposed  in  a  test-chamber, 
s    §&i  at  least  a  month,  to  a  temperature  above  what  they  are  ever  likely  to  encounter ; 
Awn  to*  to  I10<>  P     If  the  process  has  failed,  putrefaction  takes  place,  and  gas  is 
'    ««olvcd,  which  will  cause  the  ends  of  the  case  to  bulge,  so  as  to  render  them  convex, 
'    iasMd  of  concave.    But  the  cuntenU  of  those  cases  which  stand  the  test  will  infalli- 
bly keep  perfectly  sweet  and  good  in  any  climate,  and  for  any  number  of  years.    If 
be  any  taint  about  the  meat  when  put  np,  it  inevitably  ferments,  and  is  de* 
in  the  proving  process. 
FSor  a  variety  of  details  and  methods  of  praserving  animal  and  vffatable  subttaDcea 
Uiw^  Did.  ArU  amd  Mbmif.  lOtt. 
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Ch»p»x.        There  are  several  subetances  which,  by  forming  new  combinaiiiiii 

with  animal  matter,  retard  or  prevent  piitre&ction,  such  as  chlorine 

and  many  of  the  saline  and  metallic  compounds  ;  sugar*  alcohol,  rP' 

lattle  oils,  acetic  acid,  and  many  other  vegetable  substances  tin 

stand  in  the  list  of  anti-putrefactives,  though  their  mode  of  operatingii 

by  no  means  understood. 

Effect  of         2266.  The  effluvia  which  arise  from  putrescent  substaocet,  nl 

tlia  efflavia.  Q^Qf^  especially  those  generated  in  certain  putrid  disorders,  have  a 

tendency  to  create  peculiar  diseases,  or  to  give  the  living  body  am- 

dency  to  produce  poisons  analogous  to  themselves.     An  atmotpktR 

Fumigi-     thus  tainted  by  infectious  matter,  may  be  rendered  harmless  by  fo» 

^^^'  gation  with  the  volatile  acids,  more  especially  the   nitrons  and  the 

hydrochloric  ;  chlorine  is  also  very  effectual:  the  vapoar  of  vioegir, 

though  sometimes  useful  in  covering  a  bad  smell,  is  not  to  be  r^ed 

on.     It  appears  evident  that  the  acid  and  chlorine  act  chemically  apei 

the  pernicious  matter,  and  resolve  it  into  innocuous  principles. 

Adipocera.      2267.  When  muscular  flesh  is  immersed  in  a  stream  of  moaiaf 

water,  it  is  partially  converted  into  a  substance  having  many  of  tfac 

properties  of  fat  combined  with  a  portion  of  ammonia.     The  sue 

changes  have  been  observed  where  large  masses  of  pntrefying  i» 

mal  matter  have  been  heaped  together,  or  where  water  has  had  ooo- 

sional  access  to  it.     Nitrate  of  ammonia  is  also  sometimes  forawi 

under  the  same  circumstances. 


Section  II.     Fibrin^  /fre. 

Fibrin.  2268.  Fibrin  is  the  principal  part  of  muscular  fibre,  and  is  kml 

also  in  the  blood  of  animals.     It  is  solid,  tasteless,  inodorous;  has  a 
whitish  appearance ;  some  elasticity,  and  is  rendered  hard  and  brinii 

Propemes.  ^y  drying.  Soluble  in  strong  acetic  acid,  swelling  at  first,  tad 
forming  a  concentrated  jelly. 

Action  of         2269.  It  is  decomposed  by  strong  and  by  diluted  nitric  acid,  pureei- 

mdds.  trogen  being  evolved  from  it  when  the  acid  is  dilated  ;  a  yellow  psw- 
der,  called  yellow  acid,  is  formed  during  the  reaction  of  the  niK 
acid.  Berzelius  has  affirmed  that  it  is  a  compound  of  nitric  acid  isd 
fibrin  after  it  has  been  affected  by  the  acid.  With  sulphuric  acid, 
a  solution  is  procured,  containing  a  peculiar  white  matter  called  lo^ 
dne;  the  sulphuric  acid  is  separated  from  it  by  chalk,  the  solatiooflt 
the  leucine  being  then  filtered  and  evaporated.  Diluted  hydncU^ 
ric  acid  has  little  action  on  fibrin,  and  by  the  strong  acid  itisi^ 
composed.  Fibrine  is  also  dissolved  by  concentrated  solutioosaf 
potassa,  soda,  and  ammonia,  being  at  the  same  time  decofflpsaei 
it  is  insoluble  in  water ;  alcohol  converts  it  into  a  fatty  matter. 
2270.  It  is  procured  from  muscular  fibre  by  macerating  it  ioi 
or  by  stirring  newly  drawn  blood  with  a  stick,  when  it  collecis  in 
siderable  quantity  upon  it. 

The  analysis  of  fibrin  affords  carbon  63,  hydrogen  7,  nitroges  U, 
oxygen  19. 

A^^Hmf^  2271.  Albumen,  50  carb.,'7  hyd.,  15  nit.,  26  oxy.,  is  found  nJxt 
dantly  in  the  solid  form,  and  in  solution  in  water,  constilutiog  io  tki 
latter  case  liquid  albumen. 


S878.  Solid  aUunrni  it  found  in  the  cellabr  membraoe,  and  ia    9m,  UL 
a  great  number  of  other  animal  solids.     Liquid  olbumen  forms  the  Solid  AUm- 
white  of  the  egg,  and  almost  the  whole  of  the  serum  of  the  blood.  °^>^* 
It  is  a  thick  fluid,  distinctly  alkaline  from  the  presence  of  soda,  com- 
bines with  cold  water,  and  is  coagulated  at  160^  by  heat ;  it  is  also 
coagulated  by  alcohol,  by  sulphuric,  nitric,  hydrochlorict  metaphos-  PropertiM. 
phoric,  and  many  other  acids ;  by  ferrocyanate  of  potassa  after  the 
addition  of  acetic  acid  ;  by  bichloride  of  mercury,  hydrochlorates  of 
tia  and  iron,  acetate  of  lead,  and  by  the  infusion  of  galls.    Phoepbo- 
ric  and  pyrophosphoric  acids  do  not  precipitate  it.     The  coagulated 
albumen  generally  carries  along  with  it  a  portion  of  the  precipitating 
agent. 

9273.  With  bichloride  of  mercury,  a  precipitate  of  chloride  of  mer- 
cury and  albumen  is  formed  ;  or  of  the  oxide  of  mercury,  according 
to  more  recent  investigation.  Bichloride  of  mercury  detects  albumen  CoualiMd 
in  2000  parts  of  water.*  An  excess  of  albumen  dissolves  those  pre-  ^j^^Jj^df* 
eipitates  which  are  compounds  of  albumen  and  an  oxide.  It  is  also 
instantly  coagulated  by  Voltaic  electricity  ;  and  if  two  platinum  wires 
connected  with  a  small  battery  be  immersed  into  diluted  albumen,  a 
irery  rapid  coagulation  will  take  place  at  the  negative  pole,  and 
scarcelv  any  effect  at  the  positive  pole. 

2274.  Albumen  coagulated  by  heat,  or  by  drying  successive  layers 
in  the  open  air,  resembles  fibrine  much,  and  can  scarcely  be  distin- 
guished from  it  by  the  action  of  tests.  Berzelius  states  that  it  has  no 
action  on  binoxide  of  nitrogen,  but  that  fibrine  produces  a  disengage- 
ment of  oxygen. 

327&  GtUuinet  47  carb.,  7  hyd.,  16  nit,  27  oxy.,  is  not  found,  OtIatiM. 
like  the  preceding  substances,  in  any  animal  fluids.  It  is  obtained  prin- 
cipally from  skin,  bones,  membranes,  ligaments,  and  tendons.  Zirtn- 
gutss  is  a  purer  variety,  which  is  prepared  from  the  sounds  of  the 
sturgeon  and  other  fish.  It  is  solid,  soluble  in  water,  hot  or  cold  ;  not 
coagulated  by  heat  or  acids ;  forms  a  solution  which  gelatinizes  when 
eold,  even  when  100  parts  of  water  are  used  with  only  1  of  gelatine. 
Tannin  precipitates  it  copiously ;  the  compound  is  called  tanno-gela- 
line,  and  is  of  the  same  nature  with  leather,  which  is  usually  pre- 
pared by  the  action  of  tannin  (derived  from  oak-barit)  with  the  skins 
of  animals.  Olue  consists  of  impure  gelatine.  Gelatine  is  insoluble  in 
water ;  converted  into  a  peculiar  saccharine  matter  by  sulphuric  acid ; 
not  precipitated  by  bichloride  of  mercury  or  subacetate  of  lead. 

2276.  Otmazomt  is  found  associated   with   muscular  fibre  and  OimazooM. 
other  animal  matters;  it  is  particularly  distinguished  by  its  solubi- 
lity in  water  and  alcohol  at  any  temperature,  and  by  not  forming  a 
gelatinous  solid  when  its  solution  is  evaporated.     Osmazome  is  re- 
garded as  the  matter  which  gives  to  broth  its  peculiar  flavour. 


Section  UL     Bane^  Muscle^  i^c, 

227V.  Bones  contain  about  33  per  cent,  of  animal  matter,  and  67  ^^^ 
of  earthy  substances.     The  animal  matter  is  composed  principally  of 
galatiue  and  marrow  or  fatty  matter.     The  following  are  the  compo- 

*  Bostoek,  IB  Nkholioa*!  Mwr,,  zif . 
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ohap  X.    nent  parts  of  the  earthy  matter  in  100  parts  of  bones,  ooiillis| 

fractions : — 

Analyiit  of  Pho8phate  of  lime,  about  ...  .51  pwti. 

bones.  Carbonate  of  lime,  .        11     ** 

Fluoride  of  calcium,      ,  .  .  .  .  2    ** 

Phosphate  of  maxnesia,  1    " 

Soda,  chloride  of  sodium,  and  water  in  smaller  propoitioo. 
Silica  and  alumina,  with 
Oxides  of  iron  and  manganese,  have  also  been  detected. 

EiTect  f         ^78.  Exposed  to  heat  in  the  open  air,  the  animal  matter  it  e» 
heat.  sumed,  and  the  earthy  substances  alone  left     Exposed  to  heatwil^ 

out  access  of  air,  ammonia,  inflammable  gases,  oily  matter, 
and  other  substances,  are  evolved,  much  of  the  carbon  of  the 
posed  animal  matter  remaining  with  the  earthy  substances  of  ik 
bone.  In  this  condition  it  is  termed  ivory  black,  which  is  much  ea- 
ployed  as  a  decolourizing  agent,  charcoal  from  animal  substanoH 
(2210)  being  very  powerful  in  this  respect.  If  the  charcoal  be  re- 
quired perfectly  free  from  earthy  matter,  hydrochloric  acid  majte 
employed  to  dissolve  it ;  and  when  it  has  been  removed  by  solutioB, 
the  remaining  charcoal  should  be  well  washed,  and  heated  to  red* 
ness,  before  it  is  used  to  destroy  animal  or  vegetable  coloori^ 
matter. 

2279.  If  bones  be  kept  for  some  time  in  diluted  hydrochloric  add, 
all  earthy  matter  is  removed,  and  the  animal  matter  which  remaiai 
retains  the  original  form  of  the  bone. 

2280.  Teeth  are  composed  of  the  same  materials  as  bones»  te 
contain  less  animal  matter. 

Horns,  &c.  2281.  Horns f  hoofst  naib,  tendons,  the  cuticle^  and  the  true  dm, 
are  composed  principally  of  gelatine  ;  horns  contain  also  coagalaied 
albumen,  and  a  portion  of  earthy  matter. 

Hair.  2282.  The  muscles  are  composed  principally  of  fibrine,  with  aftn- 

men,  gelatine,  osmazome,  fatty,  and  saline  matter. 

Brain.  2283.  Hair,  wool,  dJ\d  feathers,  are  considered  to  contain  a  pen- 

liar  animal  matter.  Silica,  sulphur,  iron,  manganese,  and  oibcr 
substances,  more  particularly  salts  of  lime,  have  also  been  detecttd 
in  them. 

2284.  In  bram  and  the  matter  of  the  nerves,  80  per  cent,  of  wsm 
are  found.  Albumen,  fatty  matter,  and  osmazome,  constitute  ihe 
other  principal  ingredients.  A  variable  proportion  of  phosphom 
has  also  been  detected,  along  with  minute  quantities  of  salts  sad 
sulphur. 

Section  IV.     Blood,  Respiration,  Animal  Heat. 

Blood.  2285.  The  blood  is  a  fluid  slightly  saline,  unctuous,  and  hasap^ 

culiar  odour.  Sp.  gr.  105,  and  temperature  above  97^  when  neiri}' 
drawn,  or  while  circulating  in  the  bloodvessels  ;  it  appears  to  be  b^ 
niogeneous,  but  by  the  microscope  it  is  found  to  consist  of  a  Aaii 
almost  without  colour,  in  which  numerous  red  particles  aie  tss- 
pended. 

22S6.  When  removed  from  the  bloodvessels,  a  halitus  or  npoar 
arises  from  the  surface,  composed  of  water  and  a  little  animal  iDtt* 
ter,  and  after  a  few  minutes  the  whole  mass  gradually  assamef  a 
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aolid  consistence.     Sbordy  afterwards  a  few  drope  of  yellowish  fluid   ^t^  >▼» 
gather  on  the  top,  and,  finally,  the  blood  spontaneously  separates  into 
two  parts,  the  clot  or  crassamentum,  which  is  thick  and  solid,  and 
the  serum  or  fluid  portion.     From  2  to  3  parts  of  crassamentum  are 
usually  procured,  with  1  of  serum. 

2287.  The  conversion  of  the  fluid  mass  into  the  solid  form  is  Coaf«k- 
called  the  coagulation  of  the  blood,  and  it  commences  within  two  orK^?^ 
three  minutes  after  its  removal  from  the  bloodvessels ;  the  clot  or        * 
coagulum,  however,  often  continues  to  contract  slightly  for  two  or 
three  days ;  it  then  assumes  the  form  of  a  cup,  and  floats  amidst  the 
Mjom.     The  cause  of  the  coagulation  is  not  known  ;  it  has  been 
attributed  to  a  vital  action,  the  blood  being  considered  to  have  the 
property  of  vitality  as  well  as  the  living  solids.     It  indeed  contains 
organized  solids  floating  in  a  transparent  medium. 

2288.  The  coagulation  is  accelerated  by  exposing  the  blood  to  a  Acctl«ri- 
temperature  of  120°,  or  drawing  it  from  a  small  orifice  into  a  shallow^* 
Teasel. 

2289.  It  coagulates  quickly  if  the  air  be  rapidly  exhausted  from 
the  vessel  in  which  it  is  received  ;  and  it  has  been  observed  to  coa- 
gulate speedily  in  proportion  to  the  depression  of  the  vital  energies, 
as,  for  instance,  in  hcemorrhage.  Hence  the  blood  last  removed  ge- 
nerallj  coagulates  first.  Alum,  and  the  sulphates  of  zinc  and  copper, 
promote  this  change.  The  tint  of  coagulum  is  much  aflected  by  the 
colour  of  the  vessel  in  which  the  blood  is  received. 

2290.  Saturated  solutions  of  hydrochlorate  of  soda,  hydrochlorate  PreTeoMd. 
of  ammonia,  nitrate  of  potassa,  and  potassa,  death  arising  from  vio- 

knt  mental  emotions,  or  preceded  by  severe  exercise,  prevent  the 
process  of  coagulation.  Low  temperatures  produce  a  similar  eflect, 
or  retard  it  much  ;  thus,  blood  which  coagulates  in  five  minutes  at 
W*t  requires  fully  an  hour  at  40°. 

2291.  It  has  been  stated  that  the  blood  does  not  coagulate  in  cases 
of  death  induced  by  lightning,  but  this  has  lately  been  contradicted. 
lo  animals  killed  by  a  powerful  galvanic  battery  the  blood  has  been 
found  coagulated. 

2292.  Besides  a  particular  exhalation  from  the  blood,  heat  is 
evolved  during  coagulation.  Carbonic  acid  gas  was  supposed  to  be 
disengaged ;  but  it  is  not  now  considered  that  any  of  this  gas  is 
evolved. 

2293.  The  blood  according  to  M.  Le  Cauu,  consists  of  the  follow*  compoti- 
ing  substances  in  1000  parts :  tion. 

Wttar, 785.590 

Fibrin,              ...-.--  3.565 

Albumen,         .......  69.416 

Colouring  matter,        -            .....  119.626 

Crvttalline  f«tty  matter,  termed  Seroline,  (Cholesterine  ?)  4.300 

Oily  matter,      .......  2.S70 

Extractive  soluble  both  in  alcohol  and  water,             -           -  1.9M 

Albumen  combined  with  loda,            ....  3.010 

Chloridet  of  aodium  and  potaaaium,  with  phoaphatea,  aulphatea, 

carbonatei,  of  potaaaa  and  aoda,  .            .           -            .  7.304 
Carbonate!  of  lime  and  mafneaia ;  phoaphatea  of  lime,  magne- 
sia, and  iron ;  peroxide  of  iron,    -           -           •           -  1.414 
Lose, 2,506' 

*  Aeoofding  to  Gmtlin  and  Tiedcmaa  Mood  doee  not  eoatain  frst  caiboBic  add. 
'  Bsaiaithaa  en  Blood  in  i?ee.  qf  Om.  8eL  1.  se. 
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ohap.  ac  8394  Small  portions  of  alumina,  lilica,  and  mrngBxumtf  kait 
been  found  in  the  blood,  and  even  a  minute  trace  of  copper,  hf 
Sarzeau  and  O'Shaugbnessy. 

2295.  Baruel  maintains  that  the  blood  containa,  in  additioa  to  At 
ToltUJt'  preceding  principles,  a  volatile  matter  peculiar  in  each  specM, 
matiir.       which  is  disengaged  when  the  blood  is  mixed  with  strong  solpko- 

ric  acid. 

2296.  The  proportion  of  the  different  substances  in  blood  vam 
at  different  periods  of  life,  in  different  indiTiduali,  and  in  dissMa 
The  proportion  also  of  the  serum  to  the  clot  varies  much  from  tk 
shape  of  the  vessel  in  which  the  fluid  is  received.  The  fattj  n^ 
ter  has  been  regarded  as  Cholesterine. 

Effect  of  2297.  From  experiments  made  on  the  changes  produced  ia  tk 
bloedingf.  composition  of  the  blood  by  repeated  bleedings,  it  appears  that  tk 
albumen  and  salts  decrease  at  each  bleeding ;  the  diminotiaa  ii; 
however,  very  variable,  and  even  after  the  fourth  time  does  Mt 
amount  to  one  and  a  half  per  cent  In  the  globules  the  same  imt 
nution  takes  place,  but  to  such  a  degree  that  they  are  at  least  re- 
duced to  less  than  one-half  their  original  quantity. 

2298.  The  proportion  of  solid  matter  of  the  serum,  and  saU 

matter  of  the  clot,  is  variously  estimated,  but  Prevost  and  Dnnsi 

give  the   following   relative    quantities,  in  lOOO  parts  of   huona 

blood  :— 

Water,  .....  784 
Solid  matter  of  cFaamnentum,  -  -  129 
nerum,          -           -  -  87 

2299.  In  the  Crassetmentum  the  principal  solids  are  thefibrineni 
Crana-  colouring  matter  of  the  blood,  mixea  with  albumen  derived  from  ifat 
mentam.    serum.     By  washing  in  a  cloth  with  water,  all  the  colouring 

may  be  removed,  the  fibrine  being  left.  The  fibriue  ia  found 
only  in  the  red  globules,  but  also  in  solution  in  the  serum,  as  it 
culates  in  the  living  system. 

2300.  Colouring  matter  of  the  blood.  Regarded  formerly  as  d^ 
^atte"°^   pending  essentially  upon  iron  for  its  tint,  which  is  attributed  aovio 

a  peculiar  animal  matter  resembling  albumen,  and   called  JEfaatff* 
tine.    It  differs  from  albumen  in  its  colour,  and  is  black  when  put; 
it  has  a  reddish  colour  when  reduced  to  powder.     It  is  more  eaaSf 
coagulated  by  heat  than  albumen,  and  is  not  precipitated  by  the  aer 
tate  or  subacetate  of  lead.     It  contains  carbon,  oxygen,  hydrofn 
and  nitrogen,  with  a  minute  quantity  of  iron.  It  acts  sirith  other afna 
in  the  same  manner  as  albumen. 
Action  of        2301.  When  chlorine  is  transmitted  through  a   solutioo  of  tk 
chlorine,     colouring  matter,  a  white  flocculent  matter  is  precipitated,  sad  i 
transparent  fluid  is  obtained,  in  which  the  iron  may  be  deiecttdhf 
all  the  usual  tests.     Iron  cannot  be  detected  by  the  usual  iii^nB. 
when  dissolved  in  a  solution  containing  organic  matter. 
Obtained.        2302.  It  is  obtained  by  diluting  a  solution  of  colouring  matter  ii 
albumen  with  10  parts  of  water,  and  heating  the  liquid,  when  tke 
colouring  matter  is  separated  by  coagulation  at  the  temperaure  d 
149°,  while  albumen  remains  in  solution  till  heated  to  160*.    hii 
also  precipitated   by   several  metallic  oxides.     A  solutioa  of  tk 
colouring  matter  in  excess  may  be  procured  by  tti^rring  the  dst  ii 
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water,  having  drained  it  previously  on  bibalous  paper,  after  cutting    ^^^  >▼» 
it  in  thin  slices.     The  solution  of  colouring  matter  in  albnmen 
is  procured   by  stirring  newly  drawn   blood,  so  as  to  remove  the 
fibrmc. 

2303.  Erithrogen  (from  «^^^,  ruber)  is  a  term  applied  by  Bizio  Ehthrofflo. 
to  a  peculiar  animal  principle  obtained  by  him  in  a  diseased  gall- 
bladder, and  which  he  considered  as  the  base  of  the  colouring  mat- 
ter of  the  blood.     It  is  turned  red  by  nitroffen. 

2904.  The  serum  constitutes  the  fluid  portion  of  the  blood  ;  it  is  g^^^ 
of  a  pale  yellow  colour,  with  a  slight  tinge  of  green,  and  sometimes 
presents  a  milky  appearance.     Sp.  gr.  1.030.     It  contains  free  alka- 
li (soda.) 

2305.  It  is  coagulated  by  heat,  acids,  alcohol,  and  by  galvanism.  Eficctof 
On  cutting  and  pressing  the  coagulum  when  produced  by  heat,  a  small  bemt,  4m. 
quantity  of  colourless  limpid  fluid  exudes,  called  the  seronty^  con- 
taining a  considerable  portion  of  the  saline  matter  of  the  blood,  and 

also  a  portion  of  animal  matter. 

2306.  According  to  Marcet,  1000  parts  of  the  serum  consist  of—-  xnmlyiis. 

Water,  .....  900. 

I  Albumen,      .....  86^ 

Hydrochloimla  of  potaaa  and  loda,  -  6.6 

B4fuco.extractiTe  matter,        •  >  •  4. 

'  Carbonate  of  loda,    -  -  •  .  1 .65 

Sulphate  of  potaiia,  •  -  -  -  0  35 

Earthy  photphatcf ,  ....  0.60* 

2307.  Respiration  consists  in  the  inspiration  and  expiration  of  air,  ^^p^ni. 
during  which  the  air  received  into  the  lungs  meets  with  the  blood,  tioo. 

s,  when  it  changes  from  the  dark  purple  colour  of  venous  blood  to  the 
«  bright  and  brilliant  red  colour  which  it  presents  in  the  arteries.  No 
C  difficulty  is  now  entertained  with  respect  to  the  air  penetrating 
ii  through  the  thin  membrane  of  the  cells  of  the  lungs,  as  numerous 
n  experiments,  particularly  those  of  Mitchellt  and  Faust,  have  shewn 
ttMt  air  can  pass  through  membranous  matter,  and  affect  chemi- 
^    cally  the  contents  within. 

^        9306.  The  experiments  on  the  diffusion  of  gases  illustrate  the  Kxp. 

^    pMsage  of  air  through  apertures  impervious  to  water ;  while  the 

gf    movements  that  take  place  in  diflerent  fluids  separated  by  a  mem- 

I    brmnous  partition,  also  clearly  prove  the  facility  with  which  an  inter- 

^    change  of  principles  can  ensue  with  great  force  where  it  was  not 

B,    preriously  suspected.     Dutrochet,  who  made  many  interesting  ex- 

4    periments  on  this  subject,  found  that  a  bladder  filled  with  a  sirapy 

mid  and  placed  in  water,  soon  absorbed  so  much  of  the  water  that 

f      it  burst,  a  portion  of  the  viscid  fluid  also  escaping  through  the  pores.  Endoamoaa 

t      Endoswuue  is  the  term  applied  to  this  peculiar  action  as  it  is  obwrv-  ^^^^^' 

ed  in  liquids,  and  exotmose  to  the  passage  of  a  portion  of  fluid  from 

the  interior  to  the  other  portion  of  liquid  with  which  it  may  be  sar^ 

roonded  ;  this  exosmic  movement  always  accompanies  the  endosmic 

action.     The  extensive  surface  on  which  the  fluid  is  spread  in  the 

*  A  valoablt  paper  on  Blood  and  Chylt  by  MuJltr  will  he  found  in  Ree.  ^f  Gtn. 
rf.L4M. 

tilMcr.  Jwr,  Mtd,  ScL  Philad. 
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c^ap-  ^   cells  of  the  lungs,  must  be  peculiarly  favonrable  for  the  mbsorptin 

of  oxygen  from  the  air  by  the  blood ,  and  the  evolation  of  caibonic 

acid. 

Effect  of         3309.  Blood  agitated  with  air  or  oxygen  becomes  of  a  florid  red 

9iT,kc,      jp  fi^Q  same  manner  as  in  the  lungs ;  bat  with  nitrogen  and  witfac» 

bonic  acid  the  colour  is  darkened.     The  quantity  of  air  aflfected  u* 

pears  to  correspond  with  the  amount  of  colouring  matter  in  tii 

blood.     The  presence  of  saline  matter,  as  in  the  serum  of  the  blooi 

is  essential  to  the  change  of  colour ;  it  does  not  take    place  withort 

it,  however  freely  the  air  or  oxygen  may  be  supplied,  as  StefW 

proved.     The  experiments  of  Gregory  and  Irvine  have  shewn  tkl 

oxygen   is  necessary  to  induce  the  red  tint  in  the  globules  diffmed 

through  serum,  or  any  similarly  diluted  solution  of  saline  mano; 

though  the  change  may  be  produced  in  a  strong  saline  soloiifli 

ArteriftU     ^i^^^^^  ^^Y  oxygeu.     Artertalization  is  the  term  applied  to  tki 

xi^tion.  '    changes  that  are  produced  in  the  fluid  derived  from  the  food,  asitii 

converted  into  blood. 

Oxygen  re-     2310.  During  respiration,  the  quantity  of  oxygen   in  the  air  ii 

moved,       diminished,  and  in  man  it  is  replaced  by  an  equal  bulk  of  caibooie 

acid  gas ;  in  other  animals,  the  quantity  of  this   gas  given  oat  ii 

occasionally  observed  to  be  greater,  and  sometimes  less  than  the 

oxygen  consumed.     Every  minute,  it  has  been  calculated  byADa 

and  Pepys,  26  cub.  inches  of  carbonic  acid  are  produced,  an  estioatt 

considered  rather  high  by  many  chemists ;  the  air  ffiven  out  hm 

t^tSd      ^^^  lungs  contains,  according  to  other  estimates,  3.6  per  cenLflf 

formed,      carbonic  acid  ;  according  to  them,  from  6  to  8  per  cenL  of  this  g» 

2311.  The  quantity  of  carbonic  acid  according  to  Coathaps  ii 
but  6.4  per  cent.  According  to  his  recent  experiments  460.800  cab 
inches,  or  266.66  cubic  feet  of  air  pass  through  the  lungs  of  a  hsaUf 

.  .   adult  in  24  hours,  of  which  10.666  cubic  feet  will  be  converted  iM 

tj.  ^^""^  carbonic  acid  gas  =2386.27  grs.  or  5.45  ounces  avoirdupois  of  cv- 
bon.  This  gives  99.6  grains  of  carbon  per  hour,  produced  bj  tk 
respiration  of  one  adult  or  124.328  pounds  annually.* 

2312.  The  experiments  of  Thomson,  Prout,  and  Fyfe,  shew  ihn 
the  quantity  of  carbonic  acid  evolved  at  different  temperatures  Ttmi 
much  under  different  circumstances,  and  even  at  difierent  periods  ft 
the  day. 

2313.  By  a  forced  expiration,  about  200  cub.  inches  of  air  fluy, 
on  an  average,  be  expelled  from  the  lungs. 

2314.  The  nitrogen  of  the  air  is  little  aflected,  apparently,  by  if^ 
piration ;  occasionally  its  quantity  appears  to  be  increMed,  wi 
sometimes  it  is  diminished,  the  efiect  varying  with  the  seasons  wi 
other  circumstances. 

Animal  2315.  Animal  heat.  The  discovery  of  carbonic  acid  in  the  airdir 

^^^  engaged  from  the  lungs  during  respiration,  was    made  by  BkdL 

He  considered  respiration  analogous  to  combustion,  and  that  the  cff- 
bonic  acid  is  formed  in  the  lungs.  Crawford,  adopting  his  vie«i» 
believed  that  the  capacity  of  the  blood  for  caloric  is  increased  at  Ai 
moment  the  carbonic  acid  is  produced,  and  hence  the  reasoo  «kf 
no  burning  heat  is  perceived  in  the  lungs ;  but  the  capacity  of  ^ 

*  See  Coithupe'i  ezperimenii  in  LmuL  and  Edm.  PkUm,  Mag.  J«m,  1S3I. 
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bIood»  he  sapposed,  is  diminiahed  as  it  jmsses  from  arterial  tovenous  gtcuiv. 
blood  in  the  extreme  capillaries,  when  the  heat  that  had  originally  ThaoriM. 
been  produced  (though  not  rendered  sensible  in  the  lungs)  is  evolved, 
diffusing  an  equal  degree  of  warmth  over  the  whole  body.  His  ex- 
periments, however,  as  to  the  relative  capacities  of  oxy^^en,  carbonic 
acid,  venous,  and  arterial  blood,  on  which  the  theory  rests,  have  not 
been  supported  by  other  chemists. 

2316.  Ellis  considered  that  carbon  is  separated  from  the  blood 
as  an  excreted  product,  and  then  acts  on  the  air  inspired. 

2317.  Hassenfratz  and  Le  Grange  proposed  another  view  of  the 
manner  in  which  the  carbonic  acid  is  produced,  and  it  is  most  gene- 
rally received  at  present.  They  considered  that  the  oxygen  of  the 
air  is  absorbed  by  the  blood,  and  a  corresponding  quantity  of  car- 
bonic acid  evolved,  produced  during  the  course  of  the  circulation  by 
the  oxygen  which  had  been  previously  absorbed.  Carbonic  acid  gas 
has  been  detected  in  venous  blood,  bemg  evolved  when  it  is  trans- 
ferred directly  from  the  living  body  into  an  atmosphere  of  hydrogen 
gas. 

2318.  The  skin  affects  the  air  much  in  the  same  manner  as  the 
lungs,  carbonic  ncid  being  produced  and  oxygen  consumed. 

2319.  In  some  animals,  respiration  is  carried  on  entirely  by  the 
skin,  and  a  considerable  quantity  of  carbonic  acid  evolved. 

2320.  The  production  of  animal  heat  was  considered  by  Black  to  Bltek'f 
depend  upon  the  formation  of  carbonic  acid  by  the  oxygen  of  the  ^^^*^' 
air  combining  with  the  carbon  of  the  blood.     Numerous  experiments 
have  now  proved,  that  the  greater  the  heat  produced  in  the  body, 

the  greater  the  consumption  of  oxygen  in  the  lungs ;  it  is  also  sup- 
posed that  this  operation  is  not  the  only  source  of  animal  heat,  but 
that  it  may  be  developed  in  part  by  other  operations  going  on  at  the 
same  time. 

2321.  By  disease,  blood  is  much  altered  in  its  properties.     In  2JBitti  f 
cases  of  cholera  it  is  very  much  affected ;  its  colour  becomes  dark,  ditamte. 
sometimes  it  acquires  the  consistence  of  tar,  and  is  less  readily 
aflected  by  the  oxygen  of  the  air.     It  loses  much  water,  and  most 

of  its  saline  matter,  the  proportion  of  albumen  and  colouriog  mat- 
ter being  increased.  Its  density  is  greater,  and  it  does  not  co- 
agulate. 

2322.  Blood  occasionally  presents  a  white  appearance,  owing  to 
the  presence  of  fatty  matter  in  considerable  quantity,  which  is  de- 
tected by  ether  dissolving  it,  and  giving  a  solution,  from  which  it 
may  be  procured  by  evaporation. 

2323.  In  cases  of  inflammatory  action,  the  crassamentum  is  cov-  Bafiycoat. 
eied  with  a  coat  of  pure  fibrin,  usually  called  the  buffy  coat.     This 
arises  from  the  blood  being  so  altered  in  its  qualities,  that  the  fibrin 

it  contains  in  solution  coagulates  more  slowly  than  the  rest  of  the 
blood,  and  part  of  it  is  deposited  above  the  red  clot.  The  red  glo- 
bules of  the  blood,  are  considered  heavier  than  pure  fibrin,  con- 
sisting of  a  small  portion  of  colourless  fibrin  in  the  centre,  which 
is  surrounded  by  the  colouring  matter  of  the  blood.  When  the 
blood  is  removed  from  the  body,  and  the  colouring  matter  escapes 
from  the  globule,  the  fibrin  U'om  the  centre  adheres  firmly  to- 
gether. 
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ctop.x  2324.  The  blood  is  affected  to  a  great  extent  in  a  Dumber  of  elhcr 
Bflteuof  diseases,  though  this  may  not  in  general  be  so  easily  recogBiscdai 
^||^<^|>  in  the  preceding  cases,  chemical  analjrsis  being  required  to  poiil 
out  the  change.  Occasionally,  howoTer,  the  change  is  sufficieidy 
evident,  as  in  jaundice,  when  the  blood  acquires  a  ffreenisb-yellsv 
tint  in  consequence  of  the  absorption  of  bile.  The  black  fiail 
observed  in  yellow  fever  is  regarded  as  a  compound  of  blood  tsl 
hydrochloric  acid.  Urea  is  frequently  observed  in  the  Uood,  mmt 
especially  in  those  cases  when  the  secretion  of  urine  ia  auppmiei 


Salini. 


Pincreatie 
juice, 


GMtrie 

juice, 


Itf  action 
on  food. 


Bile. 


Section  V.    SaUvary,  and  Gastric  Juieest  Biie, 

2325.  The  Saliva  contains  a  small  quantity  of  solids  in  solatioi. 
scarcely  amounting  to  I  per  cent.  The  solid  matter  is  composed  rf 
a  peculiar  animal  matter  and  saline  substances,  among  which  frn 
soda  and  sulphocyanate  of  potassa  have  been  detected.  It  fans, 
however,  in  us  composition,  and  has  been  frequently  observed  tdi, 
neutral,  and  alkaline. 

2326.  Pancreatic  jtdu.  Regarded  formerly  as  being  of  the  ssai 
nature  with  saliva,  though  now  considered  very  difierent,  containiB| 
a  little  albumen,  curdy  matter,  osmazome,  a  free  acid  (acedcf), 
but  no  sulphocyanic  acid  is  present 

2327.  Gastric  juice.  This  fluid  is  secreted  in  its  proper  form  saij 
from  the  stimulus  of  food,  when  hydrochloric  acid  may  be  distindj 
traced  in  it,  to  which  the  great  solving  powers  which  it  possesses  sit 
attributed ;  acetic  acid  is  also  associated  with  it.  The  hydrochlsrk 
acid  is  probably  derived  from  common  salt,  and  to  the  soda  prodoceii 
as  the  hydrochloric  acid  is  removed,  the  alkaline  reaction  of  the 
blood  may  perhaps  be  attributed.  The  stomach  itself  is  supposed  » 
be  defended  from  the  action  of  the  corrosive  acid  by  assuming  a  pe- 
culiar electric  condition.  In  cases  of  sudden  death,  the  stomach  ii 
often  found  corroded  in  consequence  of  the  action  of  the  acid  oe  id 
fibres.     Gastric  juice  acts  powerfully  in  coagulating  milk. 

2328.  The  gastric  juice  acting  on  the  food  produces  a  polpj  msM, 
termed  chyme,  from  which,  in  the  intestines,  a  milky  floid.  the 
chyle  is  absorbed ;  this  contains  the  nutritious  matter  derived  ihi 
the  food,  and  is  conveyed  to  the  heart,  and  thence  to  the  lofk 
where  it  acts  with  the  air,  and  is  converted  into  arterial  blood. 

2329.  Bile  is  a  greenish-yellow  coloured  fluid,  generally  lathtf 
viscid,  having  a  sweetish  bitter  taste  and  nauseous  odour.  Hcaviv 
than  water,  alkaline  ;  coagulated  by  acids. 

Thenard  regards  the  bile  of  the  ox  as  a  compound  of  aboat  7  pttB 
of  water  and  1  of  animal  and  saline  matter,  composed  of— 

Picromel.  Hydrochlonte  ofaoda. 

Resin.  Hydrochlorate  of  potasn. 

Yellow  matter.  Solphate  of  loda. 

Soda.  Phoephtte  of  lime. 

Pboephate  ofaoda.  MagnesiB  and  oxide  of  iron. 

The  saline  matter  constitutes  a  small  proportion  of  the  ingredietB> 

Gholesterine,  an  odoriferous  animal  matter,  and  another  pecaBtf 

animal  matter,  osmazome,  gluten,  cholic  acid,  and  some  fiitty  i^ 

*  See  ezperinMnta  of  Tiedcmaaa  and  Gmelin  in  Ann.  dt  Cktm.  lis.  148. 
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Maticea,  hare  also  been  ibiiDd  in  bile.    In  human  bile,  similar  ingre*   ••^^» 
lienu  have  been  detected. 

2330.  Picromel.     Solid,  crystalline,  solable  in  alcohol  and  water  ;  pieroiMl. 
tmste  sweet     Prepared  from  bile  by  precipitating  sulphuric  acid  and 

lome  other  substances  by  acetate  of  lead,  then  adding  subacetate  of 
lead,  the  oxide  falling  down  with  the  picromel  and  resin.  By  hydro- 
lolphuric  acid  acting  on  the  precipitate  suspended  in  water,  sulphuret 
of  lead  is  formed,  being  left  undissolved  along  with  the  resin  ;  the 
picromel  remains  in  solution. 

2331.  Cholic  Acid  is  solid,  crystalline,  reddens  litmus,  and  has  a  choUe 
aweet  taste.     Biliary  CaleuU  are  composed  principally  of  choleste-  ■^* 
rine,  and  the  colouring  matter  of  the  bile,     oometimes  they  contain 

no  cholesterine. 

2332.  Cholesterine    is  white,  crystalline,  with    a   pearly   lustre.  Chol«stf 
Melts  at  278^  ;  does  not  form  a  soap  with  potassa.     Insoluble  in  "'** 
water ;  dissolved  abundantly  by  boiling  alcohol ;  sparingly  soluble 

in  cold  alcohol.  By  the  action  of  nitric  acid,  cholesteric  acid  is 
produced. 

SicTioN  VI.     Milk  and  Chyle. 

2333.  Milk  contains  the  following  substances,  of  which  the  first.  Milk, 
water,  constitutes  nearly  929  parts  in  1000 : — 

WatAr.  Hydrochlorate  of  potasHL 

Butter.  Acetate  of  potaaia. 

CaaeoiM  matter.  Pfaoepbate  of  potaisa. 

Su^  of  nilk.  Phoepbate  of  lime. 

Lactic  acid.  Traces  of  iron. 

2334.  Cream  contains  rather  more  than  3  per  cent,  of  caseous  mat-  Cream. 
len  and  4  of  butter,  the  rest  being  whey. 

2335.  Whey  consists  principally  of  water,  with  small  portions  of  Whey, 
animal  matter,  and  a  large  quantity  of  a  peculiar  sacpharine  matter, 
called  sugar  of  milk,  which  may  be  procured  by  evaporation. 

2336.  Butyrine  is  the  name  given  to  oily  matters  which  constitute  Bntyrioe. 
butter. 

2337.  Caseous  Matter  is  the  curdy  substance  obtained  from  milk  Cateons 
coagulated  by  rennet,  the  infusion  made  by  the  action  of  water  upon  '**^*^* 
a  portion  of  the  stomach  of  the  calf,  which  is  powerful  in  coagulating 
milk.  It  always  contains  in  this  condition  some  foreign  matter  asso- 
ciated with  it,  being  soluble  in  water  when  pure,  and  forming  a  mu- 
cilaginous solution.  Sulphuric,  nitric,  hydrochloric,  and  other  acids  ; 
alcohol,  the  infusion  of  galls,  and  a  variety  of  other  substances,  coa- 
gulate milk  by  combining  with  the  caseous  matter. 

2338.  Caseous  matter  is  maintained  by  some  chemists  to  contain 
two  distinct  principles,  caseic  add^  and  caseous  oxide  of  aposepi- 
dine.  Others  again  regard  it  as  approaching  very  nearly  to  coagu- 
lated albumen  in  its  leading  characters. 

2339.  Chyle  is  the  milky  looking  fluid  taken  up  from  the  chyme.  Chyle. 
It  approaches  in  its  characters  to  blood,  but  has  only  a  slight  pink 
tint,  and  contains  less  solid  matter.     It  forms  a  less  firm  crassamen- 
tum  during  coagulation,  and  from  its  serum  a  fiocculent  precipitate 

la  obtained  by  beat,  termed  by  Prout  incipient  albumen.    The  chyle 
of  two  dogs  analyzed  by  him  contained  from  89  to  94  of  water, 
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Cbap>x.   the  rest  being  fibrin,  incipient  albamen,  albamea  with  a  slight  pink 
tint,  and  minute  quantities  of  sugar,  and  oily  and  saline  matters. 


Section  VII.     Oleaginous  and  Fatty  Suigiances* 

2340.  These  resemble  much  in  all  their  leading  characters  die 
fixed  oils  of  vegetables.  Stearine  is  found  in  most  of  them  tso- 
ciated  with  variable  proportions  of  oleine.  Berard  prepared  a  sob- 
stance  very  similar  to  fat,  by  passing  through  a  red-not  tube  a  mil* 
ture  of  carbonic  acid,  carburetted  hydrogen,  and  hydrogen.  Dofe* 
reiner  succeeded  in  producing  an  analogous  compound  with  coal  gv 
and  watery  vapour. 

2341.  Stearine  is  obtained  with  facility  in  brilliant  crystab  whaa 
Stmrint.     deposited  from  a  hot  ethereal  solution.     It  is  very  soluble  io  hsu 

ether,  sparindy  soluble  in  cold  ether.  It  is  also  soluble  in  boiIiB| 
alcohol.  Melts  at  129°.  Prepared  by  boiling  mutton  suet  in  elhar, 
after  melting  it  to  separate  any  membranous  matter,  and  removii| 
the  adhering  solution  from  the  crystals  by  bibulous  paper  ;  this  p» 
cess  is  repeated  with  the  crystals  several  times.  Similar  proccMSi 
may  be  adopted  in  preparing  stearine  from  other  fatty  matters. 

2342.  When  boiled  with  a  solution  of  potassa  or  soda,  it  ■ 
resolved  into  stearic  acid  and  glycerine.  The  stearic  acid  may  k 
separated  by  neutralizing  the  alkali  with  sulphuric  acid  (1690). 

MarffaroD       2343.  Margarone  is  the  name  given  to  another  fhtty  matter  vm 
^^^  '  similar  to  stearine,  but  more  soluble  in  ether,  and  melting  at  lir. 
It  is  procured  by  allowing  the  matter  separated  from  the  stearise 
(1693)  to  evaporate  and  crystallize  spontaneously. 

2344.  Olein  is  obtained  by  pressing  lard  in  bibulous  paper,  v 
OleiD.         which  it  adheres.     It  is  similar  to  that  procured  from  Tegetabw  si^ 

stances.* 

2345.  Ambergris  is  considered  to  be  a  concretion  produced  io  the 
Ambergris,  stomach  of  the  spermaceti  whale.     It  is  found   floating  on  the  mi 

coast  of  India  and  Africa.     It  consists  principally  of  a  peculiar  &itr 
matter,  called  ambreine,  which  resembles  cholesterine.t 
Dipptl'i  2346.  DippeVs  Oil  is  the  name  given  to  a  thin  limpid  oil,  the  piv* 

oU.  duct  of  the  destructive  distillation  of  animal  substances* 

„     .  2347.  Fat^  Hogs'4ard  and  Suet^  are  compounds  of  stearine  siJ 

laU,  ai^    oleine  in  various  proportions ;  they  melt  at  various  temperatures  k* 
sutt.  tween  59°  and  102°.     The  stearine  and  oleine  difier  often  in  the  b 

obtained  from  diflTerent  animals. 
Hircine.         2348.  Hircine  is  procured  from  the  fat  of  the  goat  and  sheep. 
g  2349.  Spermaceti  is  prepared  from  the  fatty  matter  found  in  ik 

cJti.  head  of  the  spermaceti  whale.     Solid,  white,  crystalline,  insoiaUcis 

water,  soluble  in  ether  and  alcohol.  Melts  at  a  temperature  bels* 
212°.  It  is  usually  mixed  with  a  little  fluid  oil,  and  is  xenad 
cetine  when  purified  by  solution  io  boiling  alcohol  and  crystalliatioa 
Ethal  is  a  solid  fatty  mutter  which  remains  after  the  separatioa  of 
margaric  and  oleic  acids  ;  boiling  cetine  with  potassa  or  soda,  wsi 
to  produce  soap. 

*Adipodre.   See  2267.  i  ChoUiieriiu.   Sm  Bilt. 
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2350.  Spermaceti  Oil  is  the  fluid  expressed  from  the  fatty  matter  Seet.  vm. 
from  which  the  spermaceti  is  obtained. 

2351 .  Train  oU  is  procured  by  heating  blubber  to  2 12^.     Its  oflen-  Tnin  oiL 
sive  odour  arises  from  decomposed  animal  matters  which  are  mixed 

with  it.  • 

Section  VIII.    Mucust  Pus,  ^c. 

2352.  Mucus,    The  existence  of  a  distinct  principle  to  which  thisMocut. 
name  has  been  applied  is  doubtful.     The  mucus  described  by  Bos- 

tock  is  soluble  in  hot  and  cold  water,  and  does  not  gelatinize.  Tan- 
nin and  bichloride  of  mercury  do  not  precipitate  it.  The  mucus  of 
the  nose  is  rendered  transparent  by  water,  but  not  dissolved.  It  is 
dissolved  by  nitric  acid,  dilute  sulphuric  acid,  and  potassa. 

2353.  Pus  varies  much  in  its  qualities,  according  to  the  nature  of  Pus. 
the  source  from  which  it  is  produced.  Healthy  pus  is  a  bland,  thick 
fluid*  apparently  homogeneous,  but  composed  of  a  thin  transparent 
finid,  with  opaque  globules  floating  in  it.  Sp.  gr.  1.030.  Neutral, 
bat  becomes  acid  by  the  action  of  the  air.  Soluble  in  sulphuric, 
nitric,  and  hydrochloric  acids,  and  in  alkalies.     Ammonia  produces 

a  gelatinous  mass  with  it. 

2354.  The  following  are  the  principal  tests  which  have  been  pro 
poeed  for  distinguishing  pus  from  mucus : — 


Mucos. 
do«t  not  gelatinize. 


from  a  catarrh,  it  floats, 
not  affected. 


Pus. 

produces  a  jelly,  x^u  of 

mucus  and 
put. 

precipitated, 
precipitated. 


remains  suspended    in     precipitated, 
the  water. 


Tksts. 

Mixed  with  an  equal  weight  of 
water,  and  then  with  an  equal 
weight  of  a  saturated  solution  of 
carbonate  of  potassa, 

INAited  through  water. 

JDiMolTed  in  potassa,  and  water 
added, 

DiMoWed  in  sulphuric  acid,  and 
water  added. 

2355.  Fluid  of  Serous  Surfaces.     Composed  principally  of  water,  pioiaof  se- 
with  small  portions  of  albumen,  mucus,  and  saline  matter.     The  reus  sm- 
lymph  which  lubricates  the  cellular  membrane  is  considered  of  ana-  ^''^* 
logoos  composition.     Small  portions  of  lactic  acid  are  also  found 

m  It 

2356.  Lottie  acid  has  been  found  in  most  animal  fluids,  and  in  a  Lactic  acid. 
nomber  of  vegetables ;  it  was  first  obtained  from  sour  milk,  from 
which  its  name  is  derived.     Its  concentrated  solution^  is  sirupy,  very 

•eid»  and  can  displace  acetic  acid  from  its  combinations.  It  is  pre- 
peied  by  evaporating  solutions  containing  it  to  a  sirupy  consistence, 
•xtracting  the  lactic  acid  by  alcohol.  By  combination  with  oxide  of 
sioCt  separating  it  afterwards  by  baryta,  and  ultimately  removing  the 
baryta  by  sulphuric  acid,  it  is  obtained  in  a  pure  form.* 


*  F\iTwuc  dad  has  been  already  described  (1610). 
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Section  IX.     Urea — Uric  Acid. 

2357.  Urea  has  been  already  described  (1742).  Aocordnf  Id 
Cass  and  Henry  it  does  not  exist  in  urine  UDConibined»  but  uuiri 
with  different  acids  in  diflferent  beings ;  in  man  combined  with  U^ 
puric  acid,  in  serpents  and  birds  with  lithic  acid,  or  at  leuit  m 
the  peculiar  acid,  which,  according  to  Liebig,  is  its  radical.* 

2358.  Uric  or  Lithic  Add  may  be  prepared  from  calculi  of  vk 
acid,  or  from  the  uric  acid  deposited  from  acidulated  urine*  l^  Stat 
ving  it  in  a  solution  of  potassa,  and  adding  an  acid  to  precipitiiiil 
from  the  urate  of  potassa.t 

2359.  Purpuric  Acid  is  white  when  pure,  and  is  particnlarirfr 
tinguished  by  the  brilliant  coloured  purple  compounds  which  itMm 
with  several  of  the  salifiable  bases.  Formed  in  cooibinatioD  mi 
ammonia  by  the  action  of  nitric  and  uric  acids.  The  ammook  01; 
be  displaced  by  potassa,  and  the  purpuric  acid  precipitated  by  mUa% 
sulphuric  acid  to  combine  with  the  potassa.  The  erythrie  maid 
Brugnatelli,  and  the  sediment  often  deposited  from  urine  in  feiCA 
and  called  at  one  time  rosadc  acid,  are  considered  by  Prout  nil 
composed  of  purpurate  of  ammonia. 

2360.  Cyanuric  Add,  called  also  Pyrowric  Aeid^  is  formed 
uric  acid  is  heated,  or  by  the  action  of  chlorine  on  diflexent  com 
containing  cyanogen  and  water.     Urea  also  may  be  made  to  prodn 
this  acid  (1761). 

2361.  A  peculiar  colouring  matter,  not  containing  any  porpmiE 
acid,  has  also  been  discovered  in  the  urine. 

2362.  Urine  is  a  transparent  limpid  fluid,  of  an  amber  colovr ;  ^ 
gr.  l.0224,t  when  recently  discharged  it  has  an  acid  reaction,  bat db 
a  short  time  it  acquires  decided  alkaline  properties.  The  foUoraf 
are  the  component  parts  of  urine,  according  to  Berzelius,  in  MM 
parts : — 

Water,-           ....            -         933.00 
Urea,          -           -           -           .           .            .  30.10 
Uric  acid,          .....  j.oo 
Free  lactic  acid,  and  lactate  of  ammonia  with  ani- 
mal matter,     .....  17.14 
Mucus  of  the  bladder,   ....  0J8 
Sulphate  of  potaBsa,            ....  3,71 
"          soda,          -           -           -            .  3je 
Phosphate  of  soda,              ....  2iM 
Phosphate  of  ammonia,           ...  1 55 
Hydrochlorate  of  soda        ....  4^ 
"         ammonia,    ....  1^ 
Earthy  matters  with  a  trace  of  flaata  of  lime,        -  l.OO 
Siliceous  earth,                         ...  0^ 

Sulphur,  phosphorus,  and  albumen,  are  also  foand,  hot  i 
small  quantities.     In  children,  and  also  in  graminiToroua  ani 
considerable  amount  of  benzoic  acid  may  be  detected.     Its  i^^ 
varies  very  much,  both  in  health  and  disease. 

2363.  Urine  is  quickly  decomposed  spontaneously ;  and  m  ii 

*Jour.  de  Pkarm.  March,  1839,  and  Edin,  Phihi,  Mag;  Aq^.,  |g39. 
t  See  Thomson  in  Rec.  of  Qtn.  Sd.  ii.  3.  tl  .0118, 
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urea  is  retoWed  into  carbooste  of  ammonia,  phosphate  of  lime  and  8tet.ix. 
phosphate  of  ammonia  and  magnesia  are  deposited. 
^  2M4.  From  disease  the  urine  is  often  much  changed  in  its  quali- 
ties ;  the  following  are  the  principal  alterations. 

2365.  The  urine  often  becomes  so  loaded  with  different  materials,  Depotitioii 
that  much  is  deposited  io  the  solid  form  before  it  is  discharged*  ^^^'■^'**'*> 

£*Ting  rise  to  the  production  of  urinary  sand  or  calculi,  according  to 
s  cohesion  of  the  precipitated  matter. 

2966.  Uric  Acid  CaUuU  are  of  a  brownish-yellow  colour,  and  ge« 
aeimlly  consist  of  different  layers  of  acid.  They  are  decomposed  by  ^"^  *^' 
hast,  soluble  in  potassa,  produce  purpurate  of  ammonia  by  nitric  acidf. 
1q  roost  calculi,  small  portions  of  uric  acid  may  be  detected.  An 
excess  of  uric  acid,  or  the  decomposition  of  urate  of  ammonia  by 
other  acids,  are  considered  the  principal  causes  of  the  deposition  of 
uric  acid. 

2367.  Urate  of  Ammonia  CakuH  hKve  a  clay  colour  ;  evoWe  am-  Urmta  of 
monia  when  heated  with  potassa.     With  the  other  agents  mentioned  unnMHua, 
in  the  preceding  paragraph,  the  same  phenomena  are  produced  as 

with  uric  acid  calculi. 

2368.  Oxalate  of  Lime  Calcuii  are  rough  and  tuberculated  on  the  OxaUu  of 
surface.     Heated  to  dull  redness  they  produce  carbonate  of  lime.  ^^°'*> 
Heated  to  whiteness  nothing  is  left  but  quicklime.     With  sulphuric 

mcid,  sulphate  of  lime  is  formed,  and  then  the  oxalic  acid  may  be  se* 
psrated  in  solution  by  water. 

2369.  Phosphate  of  Idme  Calcuii,     Not  decomposed  by  heat ;  pbotphatt 
insoluble  in  potassa ;  soluble  in  diluted  nitric  or  hydrochloric  acid ;  of  lima, 
giTe  no  ammonia  when  heated  with  potassa  ;  not  dissolTed  by  cold 
sicetic  acid. 

2370.  Phosphate  of  Ammonia  and  Magnesia  Calculi  evolve  am-pbotphtie 
9onia  when  heated  alone,  or  with  potassa.  Not  dissipated  by  heat,  of  ^'i^' 
ihoagh  the  ammonia  is  expelled.  Soluble  in  diluted  nitric  and  hy-  ^2|J^m, 
dfochloric  acids  ;  soluble  also  in  cold  acetic  acid. 

2371.  The  Fusible  Calculus  is  a  mixture  of  phosphate  of  lime  Fmibk, 
with  phosphate  of  ammonia  and  magnesia.     It  is  melted  by  heat 
Cold  acetic  acid  dissolves  the  phosphate  of  ammonia  and  magnesia, 

but  does  not  affect  the  phosphate  oi  lime. 

2372.  The  Carbonate  of  lAme  Calculus  is  distinguished  in  the  Carbootta 
«naie  manner  as  common  carbonate  of  lime.     A  portion  of  animal  of  liiM, 
matter  is  generally  blended  with  it.     A  calculus  composed  of  oxalate 

nnd  carbonate  of  lime  has  lately  been  noticed.     Both  these  varieties, 
iMwever,  are  extremely  rare. 

2373.  The  Alternating  Calculus  consists  of  alternate  layers  of  ^|^^^. 
some  of  the  preceding  calculi.     Siliceous  Gravel  has  occasionally  ting, 
hamn  noticed  in  some  urinary  complaints.     It  is  not  affected  by  heat, 

is  insoluble  in  acids,  fuses  with  alkalies  added  in  excess,  and  pro- 
duces silicated  potassa. 

2374.  Cystic  Oxide  Calculi  contain  a  peculiar  animal  matter,  cys-Cyttk ox- 
tie  oxide,  which  is  soluble  in  acids,  alkalies,  alkaline  carbonates,  and  ^^* 
lime-water.     Xanthic  Oxide  Calculi  consist  of  another  peculiar  ani- 
mal matter.     With  nitric  acid  it  produoes  a  lemon-yellow  coloured 
compound. 

2376.  Pibrhuna  CmleuU  are  composed  of  fibrin.    The  last  three  ^ST^ 
64  ' 
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varieties  of  calculi  are  extremely  rare,  and  are  decomposed  by  hnl, 
in  the  same  manner  as  other  animal  substances. 

2376.  The  uric  acid  and  the  phosphate  of  ammonia  and  magDcai 
calculi,  are  those  most  frequently  obsenred. 

2377.  Sugar  is  found  in  considerable  quantity  in  the  arine  of  w 
dividuals  affected  with  diabetes;  6  per  cent,  of  sugar  may  ofteah 

AUmmen,  pocured  from  it.  Kane  obtained  a  still  larger  quantity.  Albma 
is  often  found  in  large  quantity  in  the  urine  of  individuals  afteiei 
with  some  varieties  of  dropsy,  coagulating  when  exposed  to  heat  nc 
the  serum  of  the  blood.  In  some  cases  it  has  coagulated  even 
the  bladder. 

2378.  Urea  is  sometimes  found  in  excess  in  urine.  Proat 
that,  when  this  is  the  case,  nitric  acid  added  in  an  eqoal  balk  ii  i 
few  drops  of  urine  in  a  watch-glass,  produces  a  crystalline  pmi^ 
tate  of  nitrated  urea  in  half  an  hour.  Healthy  urine  prodneait 
more  slowly.  It  is  not  absent  in  diabetic  urine,  as  was  at  ooa  tm 
supposed. 

^79.  In  some  diseases  of  the  liver,  the  urine  becomes  tiBgei 
with  bile,  and  has  a  deeper  yellowish  tint  than  usual.  HydrocUoric 
acid  produces  a  green  tint  in  urine  charged  with  bile.    r.  its. 


ADDENDA. 

Radiation  of  Caloric.     The  late  experiments  of  Melloni  haw  ^ 
^£^^1^   forded  results  which  do  not  confinn  the  deductions  of  Leslie  (SlQift 
regard  to  the  influence  of  the  state  of  surfaces  upon  radiatioa.  A 
square  vessel  was  made  out  of  a  block  of  marble,  the  sides  of  vkkk 
were  of  uniform  thickness,  and  the  external  surfaces  were  diftfodf 
prepared.      The  first  was  smooth  and  brilliant ;    the  second  ni 
equally  smoth,  but  unpolished,  and  tarnished  ;  the  third  was  stwibi 
in  one  direction ;  and  the  fourth  in  two,  crossed  at  riffht  aiigl* 
The  vessel  was  then  filled  with  hot  water,  and  projected  the  oai 
quantity  of  radiating  caloric  from  each  of  the  four  sides.     ~ 
ments  with  metallic  surfaces  were  attended  with  a  much  mere 
dant  emission  of  caloric  from  streaked  surfaces  than  from  pnliiM^ 
this  is  attributed  by  Melloni  to  a  change  of  hardness  or  deasil^ii 
consequence  of  the  mechanical  compression.     A  surfiace  of  csst  aba 
had  nearly  one  third  more  radiating  power  than  one  of  the  aust  w* 
tal  forged,  and  the  radiating  power  of  the  latter  was  iocresacd  kt 
fifths  by  roughening  with  emery,  while  that  of  the  former  was  djaif 
ished  nearly  one  fifth.* 
Inflaence  of     Influence  of  Colour  on  Absorption  of  Odours.  Some  impoftaal  i^ 
c«kNiroa    servations  have  been  made  by  Starkf  on  the  influence  of  cote* 
^^^^^  the  absorption  and  disengagement  of  odorous  matters.     He  ias^ 
that  white  bodies  are  the  least  absorbent,  and  dark  the  roost  so:  fd 
has  made  several  important  applications  of  the  results  of  his 
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menu  ia  respect  to  clothing,  white-washiagi  the  reteDtion  of  noxious  Addwute. 
effluvia  by  diflerent  coloured  bodies,  aud  the  consequent  communica- 
tion of  disease. 

Compound  Blow-pipe'  The  notice  of  Hemming's  safety  tube  was  Componi 
inserted  (128)  a/Ver  the  apparatus  had  been  subjected  to  severe  ^^^'P*P** 
trials,  the  results  of  which  fully  warranted  its  recommendation  as  a 
'imluable  addition  to  the  compound  blow«pipe.  Since  then  an  explo- 
sion of  the  mixed  gases  has  occurred  in  a  strong  copper  globe  to 
"which  the  safety  tube  was  attached.  The  tube  being  uninjured  and 
still  arresting  explosion  as  perfectly  as  before,  the  cause  of  the  occurs 
rence  cannot  be  attributed  to  its  imperfection  ;  while  it  furnishes  ad- 
ditional caution  not  to  mix  the  gases  prior  to  their  combustion.  The 
student  should  also  bear  in  mind  that  explosion  may  occur,  even 
when  the  gases  are  contained  in  separate  vessels,  from  unequal 
pressure  ;  an  accident  which  Dr  Torrey  informs  me  he  has  experi- 
enced, the  jet  becoming  clogged  at  the  outlet,  and  a  portion  of  the  gas 
under  the  greatest  pressure  being  forced  into  the  vessel  containing 
that  under  less  pressure.  This,  however,  can  never  occur  when  the 
double  concentric  jet  (Fig.  129),  as  contrived  by  me,  is  used,  the 
two  orifices  of  the  conical  extremity  being  in  the  same  plane — in  the 
let  where  the  two  orifices  open  into  one  common  outlet,  (as  in 
Fig.  128  e,)  the  accident  may  occur.* 

Photographic  Drawing*    raper  may  be  prepared  with  a  solution  pi,oii,-„. 
of  bichromate  of  potassa,  instead  of  the  silver  salt  (1247),  which  phicdStU 
acquires  a  deep  orange  tint  on  exposure  to  the  sun.  The  paper  should  "V* 
be  well  soaked  in  the  saturated  solution  of  the  salt,  dried  rapidly  at  a 
brisk  fire,  excluding  it  from  day-light.     Paper  thus  prepared  is 
•ufficiently  sensitive  for  taking  copies  of  prints,  dried  plants,  &c. 
The  portion  covered  by  the  object  retains  the  original  bright  yellow 
tint,  and  the  object  is  represented  yellow  upon  an  orange  ground. 
To  fix  the  drawing,  it  is  to  be  carefully  immersed  in  wator,  by  which 
the  portions  of  the  salt  that  have  not  been  acted  upon  by  the  light  are 
dissolved  out,  while  those  which  have  been  exposed  to  it  are  fixed  in 
the  paper.     The  object  then  appears  white  upon  an  orange  ground. 

A  pleasing  variety  may  be  made  by  using  sulphate  of  indigo  with 
the  bichromate  of  potassa,  the  colour  of  the  object  and  of  the  paper 
being  then  of  difierent  shades  of  green.t 

A  method  of  fixing  images  of  objects  upon  metal  has  been  recently  Qi^-Q^^^rg 
made  known  by  Daguerre.  A  plate  of  silvered  copper,  well  cleaned  mcuiod. 
with  dilute  nitric  acid,  is  exposed  to  the  vapour  of  iodine,  and  an  ex- 
.  tiemely  thin  coating  of  iodide  of  silver  is  formed.  Several  precau- 
ttfuia  are  required  to  render  the  coating  uniform,  the  chief  of  which 
is  the  use  of  a  rim  of  meml  round  the  plate.  The  prepared  plate  is 
placed  in  a  camera  ohscura  and  allowed  to  remain  from  eight  to  ten 
minutes.  It  is  subsequently  exposed,  at  an  angle  of  48**,  to  the  va- 
pour of  mercury,  and  when  it  has  been  heated  to  167*  F.  the  images 
appear.  The  plate  is  then  exposed  to  the  action  of  hyposulphite  of 
.  soda  and  finally  washed  in  a  lanjfe  quantity  of  distilled  water.t 

*  8m  an  accoaot  of  this  explotioo  in  Amer,  Jour.  xuTii.  104. 
tPwitoii  in  TroM,  Sk,  Arte,  ScoUandt  BIty,  ISSS. 
tBm  Jour,  Franklin  hui.  xxiv.  SOT. 
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Detection  of  Iodine  and  Bromine,  Schweitaser  has  Tery  reeendj 
described  a  method  of  ascertaining  the  proportion  of  iodine  and  !»»• 
mine  in  water,  by  which  he  obtained  from  100,000  gn.  of  the  wiier 
of  the  Congress  spring  of  Saratoga  0.12164  gr.  of  iodide  of  sihcr, 
representing  in  1000  grs.  of  the  water  0.00067  gr.  of  iodine^ 
Schweitzer  recommends  an  amrooniacal  solution  of  chloride  of  ritvOi 
prepared  by  mixing  one  part  of  a  saturated  solutioa  of  recently  p^ 
cipitated  chloride  of  silver  in  ammonia  with  one  of  liquid  ammoaii 
(sp.  gr.  0.935)  and  two  parts  water.  If  to  a  concentrated  solatioa if 
chloride  <.(  sodium  containing  one  thirtieth  part  of  a  bromide,  a  fev 
drops  of  this  solution  be  added,  the  solution  of  chloride  of  sodraa 
will  remain  clear,  but  if  the  most  minute  particle  of  an  iodidt  be 
present,  it  will  be  rendered  turbid.  For  the  method  of  examiuliii 
for  bromine,  and  of  analysing  sea-water,  see  Lond.  mid  Edin,  PH 
Mag.  July,  1839. 

The  quantity  of  iodine  in  sea-water  is  very  minute*  174  poaii 
Troy  not  containing  one  grain. 

The  following  is  a  comparatiTe  analysis  of  sea-water : 

Sea-Water  qf  the  BrUithCaumnd'*  C^  the 

Gn. 

Water        -  - 

Chloride  of  sodium 

«(  potaflsium 

"  magnesium 

Bromide  of  magnesium 
3ulphatfi  of  magnesia    -    * 

"  lime    -  V 

Carbonate  of  lime 

1000.00000  IOOOjOO 

Very  beneficial  results  in  scrofulous  diseases  are  stated  bv 
Schweitzer  to  have  followed  from  the  internal  and  external  me  ii 
the  waters  of  several  saline  springs  in  Germany,  concentrated  bj 
evaporation. 

Oaide  of  Phosphorus,  M.  Botger  has  found  that  sulphnrec  rf 
carbon  is  the  best  solvent  of  phosphorus,  dissolving  20  parts  at  mns 
temperature,  while  the  oxide  of  phosphorus  is  not  acted  upon  brit- 
To  separate  the  oxide  he  directs  to  put  the  impure  oxide,  obtaioedW 
combustion,  into  a  large  bottle,  pour  sulphuret  of  carbon  upon  itwin 
an  equal  measure  of  absolute  alcohol ;  cork  the  bottle,  and  shakf  it 
well  for  about  a  minute,  then  allow  the  oxide  to  subside,  and  poorrf 
the  phosphorized  liquor ;  repeat  this  operation  with  a  fresh  pomi 
of  the  sulphuret  and  alcohol,  and  then  put  the  oxide  of  phosphoni 
on  a  filter,  and  wash  it  first  with  alcohol,  and  then  with  water;  ate 
this  dry  it  by  exposure  to  the  air,  or,  what  is  better,  under  a  reotiw 
with  sulphuric  acid. 

The  product  resists  combustion  at  a  high  tenaperatore  ;  with  cU^ 
rate  of  potassa  it  produces  a  strongly  detonating  powdo*,  viste 
explosion  taking  place  even  during  mixture  without  much  pnssne 
According  to  Pelouze,  the  oxide  obtained  by  combustion  nndpariSd 
by  distillation,  is  Ps-h^t  while  that  procured  by  the  decompotitiii 
of  the  chloride  (565  note)  consists  of  Pi-f-O.t 
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Detection  of  Nitrid  Acid.    Richemont  has  proposed  a  method  of  amuA. 
much  delicacy  of  detecting  nitric  acid,  depending  on  the  fact  that  a  beteetioa 
mixture  of  a  concentrated  solution  of  protosulphate  of  iron  and  sul- of  nitric 
phuric  acid  becomes  rose-red  by  the  addition  of  deutoxide  of  nitro-  *^^' 
geoy  or  purple,  if  the  latter  is  present  in  larger  proportion ;  the 
quantity  of  the  deutoxide  required  is  so  small,  that  an  exceedingly 
minute  portion  may  be  detected  by  it    A  small  quantity  of  sulphuric 
•cid  is  added  to  the  solution  to  be  examined,  the  latter  being  equal 
to  three  fourths  of  the  bulk  of  the  fonaer.     When  the  mixture  has 
cooled,  drop  in  a  concentrated  solution  of  protosulphate  of  iron, 
which,  if  any  nitric  acid  is  present,  decomposes  it,  causing  the  oto- 
lation  of  nitric  oxide,  which  produces  the  rose-red  or  purple  tint. 
This  mode  of  operating  detects  one  part  of  nitric  acid  in  24.000  of 
water.* 

Detection  of  Nitrogen.  Mix  the  gas  under  examination  with  Detectioo 
from  3  to  6  times  its  volume  of  a  mixture  of  oxygen  and  hydroffen  of  nitrogen. 
(in  equal  vols.),  and  detonate  the  whole  in  a  eudiometer  by  the  elec- 
tric spark.  Mix  the  fluid  that  bedews  the  eudiometer  after  the 
explosion  with  sulphuric  acid,  to  which  a  few  drops  of  protosulphate 
of  iron  in  solution  have  been  added,  the  fluid  will  assume  the  rose- 
red  tint  if  the  minutest  portion  of  nitroeen  is  present.  It  is  of 
course  necessary  to  avoid  any  source  of  fallacy  arising  from  the  pre- 
sence of  atmospheric  air  in  the  oxygen  and  hydrogen  employed.! 

Indelible  Ink,  A  solution  of  the  gluten  of  wheat  in  pyroligneous  Tmill't  in* 
acid,  has  been  recommended  by  Traill,  as  an  indelible  mk.  He  di-  <*•*»*»*•  w**^- 
recta  the  gluten  to  be  separated  from  the  starch  as  completely  as  pos- 
sible, and  when  recent  to  be  dissolved  in  the  acid  with  the  aid  of 
heat.  This  forms  a  saponaceous  fluid  which  is  to  be  tempered  with 
water  until  the  acid  has  the  usual  strength  of  vinegar.  Each  ounce 
of  the  fluid  is  then  to  be  ground  with  from  8  to  10  grains  of  the  best 
lamp-black,  and  IJ  gr.  of  indigo.t 

Sahs  of  Baryta  and  Strontia.     According  to  Smith  these  salts  snlu  of 
are  distinguished  by  the  action  of  chromate  of  potassa  and  acetic  b^ry^  m<1 
acid.     It  IS  only  necessary  to  add  to  a  solution  of  the  salt,  a  solution  ''^'^^* 
of  chromate  of  potassa,  which,  if  baryta  be  present,  will  produce  a 
light  yellow  precipitate  insoluhle  in  acetic  acid.     This  reagent  will 
also  serve  to  distinguish  baryta  from  lime.^ 

Ethyle,  When  small  pieces  of  potassium  are  placed  in  a  glass  Bthylo. 
tabe  3  to  5  lines  wide,  containing  chloride  of  ethyle,  a  powerful  ac- 
tion ensues,  and  the  metal  becomes  covered  with  a  white  crust, 
which  should  be  broken  up  so  as  to  cause  a  fresh  metallic  surface  to 
be  exposed  to  the  action  of  the  fluid.  The  mixture  soon  begins  to 
boil,  and  chloride  of  ethyle  distils  over.  A  tube  bent  at  right  angles 
should  be  fixed  in  the  mouth  of  th^  large  one  to  connect  it  with  a 
receiver  kept  cool  by  a  freezing  mixture.  If  suflicient  chloride  of 
ethyle  is  present,  all  the  potassium  is  converted  ipto  the  white  crust, 
which  is  dissolved  by  water  with  the  disengagement  of  hydrogen 

1^  «  Limd.  and  Edin,  PhU,  Mug,  zlii.  398.  t  Richemont,  Ibid, 

XBdat.  PhiUm.  Jour.  zzv.  81t. 

f  J.  L.  SaiiUi,  in  Amtr,  Jour,  xzzvi.  183.    8m  alto  a  oMthod  by  Rmo,  in  Lond, 
mid  Edin.  PkiL  Mag,  Jaa^  1888. 
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gas.  On  agitating  the  watery  solution  with  ether  and  deGantingik 
ethereal  solution,  a  volatile  oily  fluid  is  obtained  by  evapoimtioffb 
vacuo  at  a  low  temperature.  This  fluid  burns  vividly,  has  a  pecuiu 
odour,  and  very  acrid  taste. 

The  white  powder  consists  of  CiHs.     From   these  ezperioKBli 
Lowig  concludes,  that  by  the  action  of  potassium  on  chloride  of  ethyk 
chloride  and  ethylide  of  potassium  are  formed,  the  latter  combioatin 
being  decomposed  by  the  action  of  water,  setting  free  the  ethyk 
either  pure  or  as  a  hydrate.l^ 
Difastase.       DuutasBy  is  the  name  given  to  a  substance  extracted  from  wMk 
barley,  and  which  may  be  applied  to  important  purposes  in  doioettie 
economy.  It  is  obtained  by  macerating  the  ground  malt  in  cold  wafer 
for  some  time.      It  is  then  pressed  and  the  liquid  filtered,  ud 
heated  to   158^.      The  coagulated   portion    is  separated  and  the 
liqoid  being  again  filtered  is  mixed  with  a  sufficient  quanticv  of  il- 
conol  to  throw  down  the  diastase,  the  diastase  is  again  dissolved  m 
water  and  thrown  down  by  alcohol,  and  this  is  to  be  repeated  sevoil 
times. 

Diastase  is  solid,  white,  insoluble  in  water,  but  soluble  ia  dibiie 
alcohol.  Its  solution  separates  amidin  from  all  starchy  substaoea 
containing  it,  hence  its  nnme.t  It  exists  in  the  seeds  of  malid 
barley,  oats  and  wheat.  One  part  is  sufficient  to  render  soluble  ik 
interior  portion  of  two  thousand  parts  of  starch,  and  to  convert  it  ioH 
sugar. 

To  prepare  it  upon  a  large  scale,  850  lbs.  of  water  are  heated  toSf . 
10  parts  of  ground  malt  are  then  added  and  the  heat  raised  to  \Vf\ 
220  lbs.  of  flour  are  then  added  and  the  whole  well  mixed.  Wko 
the  lempemture  has  risen  to  \&S*  we  should  endeavour  to  keep  it 
steady  at  that  point,  or  at  least  not  to  allow  it  to  cool  below  \9t. 
nor  to  rise  above  167°.  In  twenty  minutes  the  liquid  becomes  dor 
transparent,  and  from  being  viscid  and  thready  at  first,  it  becooMf 
almost  as  fluid  as  water.  When  this  happens  the  teropentore 
should  be  suddenly  raised  to  212°.  The  whole  is  then  leftatica, 
the  clear  portion  drawn  off,  filtered  and  evaporated  by  meautf 
steam  at  230°,  the  scum  being  removed.  When  sufficiently  coooes* 
trated,  it  is  poured  into  a  receiver  of  tin  plate  or  wood,  and  on  cod- 
ing it  coagulates  into  an  opaque  jelly. 

While  hot,  if  it  be  mixed  with  yeast  and  kneaded  into  the  tfoigh; 
it  serves  well  for  the  preparation  of  bread. 

If  spread  out  in  thin  layers  and  dried  in  the  air,  or  hy  a  stoteb  «* 
obtain  dextrine^  which  being  reduced  to  powder,  may  be  introdooitd 
into  all  kinds  of  pastries,  chocolate,  bread,  &c.t 
Dextriae.  Dextrine  dissolved  in  diluted  alcohol  has  been  lately  fecommesW 
as  a  temporary  varnish  for  oil  paintings,  preventing  the  imbibitiooef 
colours,  even  when  employed  a  few  days  after  the  finishing  of  tbe 
picture.  Applied  with  a  soft  brush,  it  gives  a  clearness  like  a  light 
varnish,  which  can  be  removed  by  a  moist  sponge,  when,  after  IRV 
months,  common  varnish  may  be  applied  with  its  ordinary  efttf- 
The  same  solution  serves  as  a  perfect 'varniah  for  water  colours,  iid 


*  Poggendorff,  ilim*  46,  p.  847,  sad  Land-  and  JSdm.  Phil-  M^.  Jaly,  IS31 
t  From  diiarrifu^  to  teparaU.  t  T.  Org.  Bod.  S6S. 
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far  fixing  peBcil  and  crayon  drawings.    The  solation  of  dextrine,  in  AdJwdi 
about  an  equal  portion  of  warm  v^ater,  furnishes  a  paste  which  re- 
mains liquid  and  possesses  great  eriorgy.     It  may  be  advantageously 
naed  as  a  substitute  for  the  greater  number  of  common  pastes.* 

Naturt  of  Ferment,  or  Yeast.  The  following  results  have  been 
ghren  by  M.  Cagnard-Latour.t  Yeast  is  a  mass  of  small  globular  ^^^^^ 
bodies  capable  of  self-reproduction,  and  of  course  oxygenized,  and  yeatt. 
not  an  inert  or  purely  chemical  substance.  These  bodies  appear  to 
bolong  to  the  vegetable  kingdon,  and  are  generated  in  two  different 
modes.  They  appear  to  act  upon  a  solution  of  sugar  as  if  they  were 
alive,  whence  it  may  be  inferred,  that  it  is  in  all  probability  by  some 
effect  of  their  vegetation  that  they  disengage  carbooic  acid  from  this 
aolation  and  thus  convert  it  into  a  spirituous  liquor. 

In  a  valuable  memoir  by  T.  A.  Quevenne,t  the  author  anives  at 
the  following  conclusions  :-~lst.  Yeast  is  a  substance  which  con- 
stantly presents  the  appearance  of  little  globules  of  nearly  oniform 
figures.  2d.  These  glooules' appear  to  be  always  of  the  same  nature, 
whatever  their  origin,  dd.  It  is  the  insoluble  constituent  part  of 
these  globules  which  is  npt  to  produce  fermentation,  and  not  the  ex- 
tractive matters  which  accompany  it.  4th.  The  globules  of  yeast 
can  efTect  the  decomposition  of  sugar  not  only  at  a  temperature  from 
10**  to  30'  or  40**  Cent.  (60**  to  86**  or  104**  F.),  but  even  at  the  heat 
of  boiling  water ;  but,  with  this  difference,  that  at  a  temperature  in- 
ferior to  50**  they  transform  the  su;;ar  into  alcohol  and  carbonic  acid, 
.  "while  above  50**  (=  122**  F.),  alcohol  appears  not  to  be  formed  ;  the 
only  ^s  obtained  in  either  case  is  carbonic  acid.  5th.  Yeast,  du- 
ring the  alcoholization  of  sugar,  undergoes  a  thorough  modification. 
It  loses  all  its  nitrogen,  which  goes  to  form  ammonia,  by  which 
means  its  fermentative  power  is  completely  exhausted.  6th.  The 
globular  aspect  of  yeast,  and  its  principal  chemical  properties,  are 
sufficient  to  induce  us  to  regard  it  as  an  organic  substance  of  new 
formation ;  and  hence  fermentation  ought  not  to  be  considered 
merely  as  a  decomposition,  but  simply  as  a  modification  which  gives 
birth  at  one  and  the  same  time  to  products  both  organic  and  morganic. 
7th.  The  circumstances  under  which  fermentation  takes  place,  and 
the  phenomena  which  accompany  it,  and  the  influence  which  a  great 
Dumber  of  bodies  have  over  the  progress  of  the  operation,  are  of  a 
nature  to  induce  the  belief  that  it  is  actually  owing  to  a  sort  of  vege- 
tation, but  this  proposition  requires  additional  proof.^ 

Respiration  of  Plants,  Edwards  and  Colin  have  instituted  ^xpe*D««  *  ti 
riments  upon  the  respiration  of  plants  from  which  they  have  drawn  of  |£ou. 
the  following  results  : — 1st,  that  water  is  decomposed  ;  Sd,  that  the 
oxygen  of  the  decomposed  portion,  unites  with  the  carbon  of  the  seed, 
and  forms  carbonic  acid  cas ;  3d,  that  this  carbonic  acid  disengages 
itself  from  the  seed,  in  whole  or  in  part ;  and  4th,  the  other  portion 
of  the  decomposed  water,  the  hydrogen,  is  absorbed  by  the  seed,  in 
whole  or  in  part.  They  also  infer  from  their  experiments  that  re- 
spiration is  not,  as  it  has  been  hitherto  considered,  solely  a  function 
ofexcretion.il 

•  Jour.  PrankUn  Intt.  uiv.  1 14.  t  Oomptes  rendu9  de  VJnUU.,  1837,  90S. 

X  Jbur.  dt  Pharm.  JuillMt,  18S8.  f  See  Jmsr,  FVfwWSi  IfiMtU,  xxiii.  119. 

n  Ann.  dtt,  Sd.  Nai.  D«c.,  ISS8,  and  Edin.  PhUot.  Jour.  Jttly,  1839. 
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N«w  com- 
pound of 
bicyaoide 
wim  bioox- 
ide  of  mer 
cttiy. 


Preserra- 
tion  of  po 
taMiam. 


New  compound  of  Bicyanide  with  Binoxide  of  Mercmy*  Whn 
dilute  bydrocyaoic  acid  is  digested  on  red  oxide  of  mercury,  io  «• 
cess,  a  white  nearly  insoluble  compound  is  formed,  which  may  be 
separated  from  any  soluble  bicyanide  which  may  be  present  in  tiie 
supernatant  liquid  by  collecting  it  on  a  filter.  Boilmg  water  dis- 
solves the  new  compound,  and  leaves  the  excess  of  oxide  of  mercurr. 
On  cooling,  the  salt  is,  in  a  great  measure,  deposited  on  the  sides  tad 
bottom  of  the  vessel  in  minute,  pure,  white,  transparent,  prismatic 
needles.  This  salt  is  anhydrous,  its  solution  has  an  alkaline  iea> 
tion,  and  it  consists  of  equal  atoms  of  the  two  mercurial  corapoondi, 
or  it  is  (HyCys-l-HyOa).  When  heated  in  a  tube,  it  decomposa 
with  a  slight  detonation,  giving  off  carbonic  acid,  nitrogen,  cja- 
nogen,  and  metallic  mercury,  leaving  a  black  residue  (poro-cynt- 
gtn.)  Neutralized  by  nitric  acid,  it  gives  a  beautiful  salt  in  loor, 
delicate,  quadrangular  prisms,  which  are  represented  by  HyCyrf 
(HyOs-j-iNOg),  and  are  very  soluble  in  water.  It  gives  also  w^ 
acetic  acid,  a  crystalline  compound,  in 'which  the  quantity  of  aeij 

appears  to  exist  in  a  still  smaller  proportion.     With  acid  nitrate  d 

.   ••• .        . 

silver,  it  gives  Wohler'ssalt  (HgCys-hAgN-f-4H),  nitrate  of  mem* 
ry  remaining  in  solution.  With  neutral  nitrate  of  silver  and  '%nt 
ous  other  salts,  it- gives  crystalline  compounds.* 

Preservation  of  Potassium.  Dr  Gale  has  stated  that  the  oil «( 
copaiva  contains  oxygen,  which  renders  it  liable  to  convert  potasnoa 
into  potassa,  forming  with  it  a  peculiar  species  of  soap ;  from  ex* 
periments  made  upon  several  specimens  of  the  balsam,  the  oil  ob- 
tained  from  them  afforded  similar  results,  and  he  is  of  opinion  tkit 
Emuliin.    no  substance  hitherto  used  will  supply  the  place  of  naphtha.t 

Emulsin,  The  following  process  has  been  employed  for  obtiia- 
ing  emulsin^  by  Thomson  and  Richardson.  Sweet  almonds  were 
triturated  in  a  mortar  and  small  portions  of  water  gradually  Md 
until  a  milky  fluid  was  obtained.  This  fluid  was  mixed  with  km 
times  its  vol.  of  ether  and  frequently  agitated  so  as  to  efiect  an  in- 
timate mixture.  A  clear  fluid  gradually  separated  at  the  botUMaaf 
the  stoppered  bottle  in  which  the  experiment  was  made,  which  ii 
the  course  of  three  weeks  was  drawn  off  by  means  of  a  syphon.  IV 
fluid  was  filtered,  and  to  one  half  of  the  clear  solution  a  large  qush 
tity  of  alcohol  was  added ;  a  copious  precipitation  of  white  flocb 
ensued ;  these  were  emulsin.  Washed  with  alcohol,  and  dried  onr 
sulphuric  acid  in  the  vacaum  of  an  air  pump,  it  was  obtained  in  tW 
state  of  a  white  powder,  without  taste  or  smell,  soluble  in  water,  i^ 
soluble  in  alcohol  and  ether.  Its  analysis  gave  the  relation  of  tk 
carbon  and  nitrogen  as  600,:  IN  or  30:  IN.  When  boiled  wA 
baryta,  ammonia  was  disengas^ed,  and  from  the  experiments  it  wv 
inferred  to  be  an  amide,  and  the  salt  formed  with  baryta  to  be  a  eaB* 
pound  of  baryta  and  emulsic  acid.  The  authors  are  mclined  to  hfer 
that  fibrin,  gelatin,  casein,  kc.  are  all  amides.t 


*  Jobnstoa  io  Eighth  Report  qf  British  AssodaHon,  69. 

t  Amer.  Jour.  xzi.  64.  t  EigfUh  Report  qf  British  Auoc  48. 
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Ck§mieal  Formulm,  Varioat  cbangef  hare  been  made  in  cbamical  IbrmuUi.  Xhot 
fieneliua  now  uaet  HO,  KO,  FeS,  inatoad  of  H-K),  K-K),  Fe+S,  Ibr  water,  potaiia,  and 
Milplittret  of  iron. 

The  formula  for  apophyifite  ii  now  8  Ca  Si  +  KiSt  +  16  aq ;  tbe  8  denoting  8  eq.  of 

»      "  •  • 

CaSi,  or  ailicate  of  lime,  which  are  united  with  1  eq.  of  bisilicate  of  potiaia,  and  16  of  water. 
The  fyatem  of  Liebig  and  Poggendorff  ii  baaed  upon  the  fi»liowing  principlea.  NumbwBi 
are  placed  Mow  and  to  the  right  of  the  lymboli  watoh  affect  tboee  to  which  they  m  at* 
Inched.  Numbera  are  placed  before  the  lymbola  which  affect  ail  that  follow  aa  &r  aa  the 
next  foil  stop  or  sign  or  addition.  A  figure  placed  before  a  parenthesis  applies  to  all  eoo* 
mined  within  it.    The  same  compound  may  therefore  be  written  in  different  ways.    Thai 

CIm  constitution   of  a   crystal  of  alum   is  represented  by  R8  +  A  iSa  +  24U,  or  KO^ 

0Ot  +  Ala03,  3SOj  +  84  ao.  "" 

To  difltiogutsh  water  in  oifferent  states  of  combination  Liebig  and  Poggendorff  pioposi 
fo  express  water  of  crystallization  by  aq.  When  the  water  is  more  powerfolly  retained 
and  toe  compounds  are  mora  permanent,  or  in  the  state  of  Aydrolet,  the  water  is  denoted  by 

an  h  attached  to  the  symbol  of  the  substance  containing  it    Thus  A  being  the  symbol  of 

acetic  acid,  An  is  the  symbol  of  the  h;|rdrate ;  M|0,Mii  +  4  aq.  denotes  the  roalate  of 
nagnesia  and  5  eq.  of  water,  but  distinguishes  4  of  these  as  water  of  crvstallialion,  while 
tbe  fiAh  is  united  with  the  malic  acid  and  forms  with  it  a  hydrate.  The  symbol  HO  it 
used  in  doubtful  cases,  and  when  changes  effected  by  chemical  action  are  explained.  L* 
and  T.  940. 

ffoiUuion*$  SjfMoptie  SeaU  of  Chemical  Equivalents.*  The  scale  consists  of  t  moveable 
alider  with  a  series  of  numbers  upon  it,  from  10  to  'SSO^  on  each  side  of  which  and  on  the 
&i«d  part  of  tho  scale,  are  set  down  the  names  of  various  chemical  substances. 

The  scale  is  founded  on  the  constancy  of  composition  in  chemical  compounds  (106) }  tfcs 
•qoivalent  power  of  the  quantities  that  enter  into  combination  (108);  and  tht  prafpcr- 
tiee  of  a  logometric  scale  of  numbers. 

Tbe  numbers  are  so  arranged,  that  at  equal  intervals  they  bear  tbe  same  proportioa  to 
"^  other.  The  student  will  easily  observe  and  understand  this,  by  measunng  a  fow  dia- 
ls upon  the  scale  with  a  pair  of  compasses,  or  even  a  piece  of  Mper.  if  hit'  ptoer 
axtend  Aom  10  to  20,  it  will  also  extend  from  20  to  40,  or  from  S5  to  Ii0,orfroml60  to280. 
Whatever  number  is  at  tho  upper  edge  of  the  pantr  will  be  doubled  at  the  lower.  If  any 
olher  distance  be  taken,  the  same  effect  will  be  observed.  If,  for  instance,  the  piper  ex- 
•tads  from  10  to  14,  then  any  other  two  numbers  found  at  its  apper  and  lower  eoge  will 
ba  in  the  same  proportion  aa  these  two  numbers  10  and  14.  Thus  make  the  upper  number 
100.  and  the  lower  number  will  be  140. 

Now  supposing  that  the  paper  were  cut  of  such  a  width  that,  one  of  its  edges  being  ap- 
plitdlipoii  the  scale  to  the  number  representing  the  equivalent  of  one  boidy,  the  other 
tlwuld  coincide  with  the  number  of  the  equivalent  of  a  second  body ;  then  upon  movii^ 
tilt  paper,  wherever  it  was  placed  oav  the  numbers,  those  at  its  upper  and  lower  edgat 
woold  still  represent  the  corres|X)nding  proportional  quandtiea  of  the  two  bodies  aa  accu- 
maly  as  at  nrst,  because  the  numbers  at  equal  distanoes  on  the  scale  art  proportional  to 
yach  oiber.    Thus  suppose  the  upper  edge  were  made  to  coincide  with  40  ana  the  lowtr 

^Tbe  paper,  by  iu  author,  deschhtng  the  aeale  is  inseitsd  ia  A0 Philmopkicai 
UI4. 
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with  78,  then  the  upper  edse  might  bo  called  sulphuric  acid,  and  the  lower  baryta;  mi 
this  width  once  ascertained,  the  paper  wherever  applied  upon  the  scale,  ivould  anew  at  m 
lower  edge  the  quantity  of  baryta  necessary  to  combine  with  the  quantity  of  swlplwr 
acid  indicated  by  its  upper  edge. 

It  is  evidently  of  no  consequence  whether  the  paper  be  moved  op  and  down  over  ikt 
the  scale,  or  the  line  of  numbers  be  moved  higher  and  lower,  to  bring  ita  different  pam  fe 
the  edgtis  of  the  paper.  And  supposing  the  piece  of  paper  juat  deacribed  to  be 
upon  tiic  side  of  the  scale,  then  by  moving  the  latter  any  of  the  numbera  might  be  i 
coincide  with  the  upper  oi  lower  edjgo  at  pleasure,  and  consequently  the  quantity 
phuric  acid  necessary  to  combine  with  any  quantity  of  baryta,  and  vice  Tersa,  aac 
oy  mere  adjustment  and  inspection  of  the  scale.  Or  if,  instead  of  referring  to  the 
piece  of  paper,  marks  were  to  be  made  on  the  side  of  the  scale  at  40  and  76,  and 
sulphuric  acid  and  baryta,  the  same  object  would  be  attained,  and  the  same  method  efifr 
quiry  rendered  available. 

Other  substances  are  to  be  put  down  upon  the  scale  exactly  in  the  aame  manner. 
the  scale  being  adjusted  until  the  number  40  coincides  with  the  sulphuric  acid 
marked,  then  sulphate  of  baryta  is  to  ba  written  at  118,  and  thua  its  place  is  aaee 
nitrate  of  baryta  at  133 ;  soda  at  32 ;  sulphate  of  soda  at  72 ;.and  a  aimilar  proc—  is  iski 
adopted  with  every  substance,  the  number  of  which  has  been  ascertained  by  exptii— t 
The  instrument,  which  in  this  state  merely  represents  the  actual  numbera  supplied  by  «■ 
periment,  will  ftithfuliy  preserve  the  proportions  thus  set  down,  whatever  the  TariatiQaif 
the  position  of  the  slidor  may  be.  It  js  therefore  competent  to  change  all  the  iiiiaitfril 
expressions  to  any  degree  required,  the  knowledge  of  one  only  being  sufficient  ^^  hfd- 
justment,  and  then  by  inspection  to  lead  to  the  rest. 

A  few  illustrations  of  the  powers  and  uses  of  thia  scale  will  be  aufficient  to  nuksAi 
student  perfect  master  of  its  nature  and  applications.  Suppose  that  in  analysing  a  miari 
water,  the  sulphates  in  a  pint  of  it  have  been  decomposed  by  the  addition  or  mnriafetf 
baryta,  and  the  resulting  sulphate  of  baryta  washed,  dried,  and  weighed  :  from  its< 
may  be  deduced  the  exact  quantity  of  sulphuric  acid  previoualy  existing  in  the 
water.  Thus,  if  the  sulphate  of  baryta  amount  to  43.4  grains,  the  slider  is  to  be 
until  that  number  is  opposite  to  sulpfuite  of  baryta^  and  then  at  sulphuric  add  will  ba 
the  quantity  required,  namely  14.7  grains.  In  the  same  manner  the  scale  will  ciTa  .^ 
mation  of  the  quantity  of  any  substance  contained  in  a  given  weight  of  any  or  its  r^ 
pounds ;  these  having  previously  been  deduced  from  experiment,  and  accurately  set  doat 
en  the  table  in  the  manner  just  explained. 

If  it  bo  desired  to  know  how  much  of  one  substance  must  be  used  in  an  experiflifat  ** 
act  upon  another,  it  is  evident  that  the  eauivalent  must  be  taken,  and  this  mav  be  fasfstl 
from  the  scale.  Suppose  thatu  pound  or  sulphate  of  baryta  has  been  mixed  w'lth  rbarcMl* 
and  well  heated,  to  convert  it  into  a  sulphuret,  and  thathy  the  addition  of  nitric  add  iiii 
to  be  converted  into  nitrate  of  baryta.  The  quantity  of  acid  which  will  probabW  be  ft^ 
quired  may  be  loarned  by  bringing  100  to  sulphate  of  barvta,  and  then  bj  looking' for  ik 
number  opposite  nitric  acid  :  it  will  bo  found  to  be  4G.  But  thia  aepresents  the  qaaaiifTif 
dry  acid  :  casting  the  eye  therefore  lower  down,  upon  liquid  nitric  acid  of  a  specific  ptntn^ 
l.oO,  it  will  be  found  that  \M  lbs.  or  a  little  more,  is  the  equivalent  for  ICNJ  lbs.  and  eaaie* 
quently  that  61  hundredth  parts,  or  somewhat  above  six-tentha  of  a  pound  of  sock  Mi 
will  be  sufficient  for  the  pound  of  sulphate  of  baryta  operated  with. 

If  a  certain  weight  of  carbonate  of  baryta  be  required  in  that  moist  and  finely  dinM 
state,  in  which  it  is  obtained  by  precipitation,  and  in  which  it  cannot  be  weighed,' the  sm- 
racy  of  the  quantity  may  be  insured  by  taking  'tbe  equivalent  of  dry  munate,  or  aiotf 
of  barvta,  nrecipitating  it  by  an  excess  of  carbonate  of  potassa,  and  then  washing  of  iki 
the  salts  which  remain  in  solution.  Suppose  100  grains  of  the  carbonate  were  reqoif*'- 
by  bringing  that  number  to  carbonate  or  baryta,  it  will  be  found  that  the  qoantitT  of  Av 
muriate  necessary  will  be  105.8  parts,  and  the  quantity  of  nitrate  133.4  ;  and  if  the'qasMi^ 
of  carbonate  of  potassa  necessary  for  this  purpose  be  also  reqaired,  it  will  be  fbuad  ipp 
site  the  name  of^that  substance  on  the  scale,  to  be  a  little  less  than  70  parts.,  so  that  5  sr  M 
parts  more  will  ensure  a  satisfactory  excess. 

The  second  paragraph  of  Wollaston*s  description  of  this  scale  may  be  transcribed,  ■> 
ftirther  illustration  of  the  powers  of  the  instrument.  **  If,  for  instance,  the  sah  oadar  it 
amination  be  the  common  blue  vitriol,  or  crystallisad  sulphate  of  copper,  the  fnit  obmw 
questions  are — (1)  How  much  sulphuric  acid  doea  it  contain?  (Sq  How  muchexiditf 
copper  ?  (3)  How  much  water  ?  ne  [the  analytic  chemist]  may  not  be  aatified  wOk  tl* 
first  steps  in  the  analysis,  but  may  desire  to  know  further  the  quantities  (4^  of  solpkBr,''^ 
of  copper,  (6j  of  oxygen!  (7)  of  hydrogen.  As  means  of  saining  this  infbnnsboa,  ki 
naturally  considers  the  quantity  of  various  reagenta  that  may  he  employed  lor  disM 
the  quantity  of  sulphuric  acid  (8),  how  much  iMryta,  (9)  carbonate  of  baryta,  or  (10)  i 
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of  bwyU,  would  be  requiiito  for  thii  purpoM  ?  (11)  How  much  lead  is  to  be  used  in  the 
ferm  of  (12)  nitrate  of  lead ;  and  wben  the  precipiute  of  (13)  sulubate  of  barjta,  or  (14) 
aalphate  of  lead  are  obtained,  it  will  be  neceoary  that  he  should  alto  know  the  proportion 
which  either  of  them  contains  of  dry  sulphuric  acid.  He  may  also  endeavour  to  ascertain 
tha  same  point  by  means  of  ^15)  the  quantity  of  pure  potassa,  or  (16)  of  carbonate  of 
pocava  requisite  for  the  precipitation  of  the  copper.  He  might  als'i  use  (17)  zinc,  or  (18) 
iroB  for  the  same  purpoee,  and  he  may  wish  to  know  the  Quantities  of^  (19)  sulphate  of 
nnc,  or  (20)  sulphate  of  iron,  that  will  then  remain  in  the  solution." 

All  these  questions  and  points  are  answered  by  movina  the  slider  until  the  number  ez- 
prening  the  quantity  operated  with  coincides  with  nupkaU  of  copper  cruMtalUzed.  5, 
Wmitr.  Let  it  for  instance  be  100  :  this  being  brought  opposite  crystallized  sulphate  of  cop- 
par,  the  information  relative  to  all  the  above  pointa^  ezcept  the  sixth  and  seventh,  is  sup- 
plied by  mere  inspection.    The  sixth  may  be  supplied  by  substracting  (5)  the  quantity  of 


and  the  half  of  this  is  to  bo  taken  as  the  quantity  in  5  water,  or  in  100  grains  of  the  salt. 
>*  Plitling  therefore  200  to  suljihate  af  copper,  lU  hydrogen,  is  indicated  n*  17  parts  nearly, 
'^  when  of  course  the  half  of  this,  or  84  parts  is  the  quantity  in  100  grains  of  the  crystillized 
<;'    aalt  of  copper. 

BK         Whenever  it  thus  happens  that  the  number  known  or  the  number  sousht  for  is  out  of 
the  aeale,  then  some  convenient  multiplier  of  the  numbers  may  be  used.    The  most  con- 
[     TMiient  method  is  to  use  the  tens  or  the  hundreds  as  units,  or  what  is  the  same  thing,  to 
*    consider  fur  the  time  that  decimal  points  are  inserted  between  the  units  and  the  tens,  or 
'     between  the  tomi  and  the  hundreds  of  all  the  numbers  on  the  scale.     Thus  if  it  wer« 
required  to  ascertain  how  much  magnesia  and  sulphuric  acid  were  contained  in  a  pound  of 
crystallized  sulphate  of  magnesia,  no  1  exists  upon  the  scale,  and  of  course  no  fractions  or 
•mall  ports  of  1  ;  but  imagine  decimal  points  between  the  tens  and  the  hundreds,  then  10  upon 
the  scale  becomes  one-tenth,  22  twentytwo  hundredths,  100  one,  220  two  and  two-tenths 
•nd  so  on.     Brinsing  therefore  100  to  crystallized  sulphate  of  magnesia,  it  represents  the 
1  pound,  and  by  iiisp«^ction  it  will  bo  found  tliat  it  contains  10  hundredths  of  a  pound  of 
magnesia,  and  32J^  hundredths  of  a  pound  of  sulphuric  acid. 

As  another  illustration  ;  suppose  tliat  the  quantity  of  magnesia  in  50  lbs.  of  crystallized 
Epaom  salt  were  rei}uired  ;  upon  bringing  r>0  opposite  the  name  of  the  salt,  the  quantity  of 
magnesia  will  be  found  smaller  than  any  quantity  expressed  upon  the  scale  :  but  all  that  is 
ncwesaary  to  obtain  the  answer  is,  to  double  the  quantity  of  the  salt,  and  then  to  halve  the 
quantity  of  magnesia  indicated ;  in  which  way  it  will  be  found  that  the  50  lbs.  contain 
•boat  o  lbs.  of  the  oxide. 

These  Synoptic  scales  are  generally  constructed  of  paper  or  wood.  It  is  almost  impoa- 
■ible  that  they  should  be  accurate,  because  of  the  extension  and  contraction  of  the  paper,  and 
dbe  ftcility  with  whirh  it  yields  to  mechanical  impressions,  and  may  l>e  stretched  wben  in 
a  moistened  state.  These  scales  should  never  bo  considered  as  accurate  when  they  first 
cone  from  the  instrument-maker.  They  may  be  examined  by  a  pair  of  compasses  or  a 
a  pioce  of  paper,  as  before  described  (p.  513),  to  ascertain  how  nearly,  equal  intcr^-als  on 
the  acale  or  numbers,  arconi  with  equal  proportions  between  the  nunibcrn  at  the  extremi- 
tiea  of  those  intervals  and  thus  the  degree  of  error  in  them,  and  the  part  where  it  exists 
to  the  greatest  extent  may  be  obser\*ed  :  but  it  will  be  useless  to  do  so,  with  the  view  of 
ftnding  one  so  accurate  as  to  dispense  with  calculation  in  exact  analytical  experiments. 

Those  scales,  which  are  laid  down  directly  upon  wood,  though  not  liable  to  the  same 
aoarces  of  error  as  the  paper  scales,  are  still  seldom,  if  ever,  so  accurate  as  to  compete  with 
calculation. 

The  errors  just  referred  to,  relate  to  the  accuracy  of  the  scale  of  numl>ers,  and  its  pro- 
portional value  in  every  part.  Others  relate  to  the  imperfect  and  inaccurate  results  of  the 
experiments,  by  which  the  numbers  representing  the  equivalent  or  combining  quantities  of 
bodies  are  obtained.  If  an  inaccurate  result  be  mistaken  for  a  correct  one,  and  the  pro- 
portional numl>er  of  a  body  be  entered  erroneously  upon  the  s<*ale,  it  is  evident  that  all 
aetiniations  of  substances  including  that  body,  which  are  given  by  the  scale,  must  involve 
original  inaccuracy.  Whenever  therefore  a  more  accurate  determination  of  the  num- 
of  a  body  is  obtained  than  was  before  possessed,  its  place  on  the  scale  should  be  cor- 
ted ;  and  as  the  equivalent  numbers  of  substances,  previously  undetermined,  are  satis- 
faetorily  ascertained,  the  substances  themselves  shoula  be  put  upon  the  scale  in  their 
proper  situations,  as  before  described. 

In  consequence  of  the  unavoidable  errors  in  the  scale  of  numbers,  which,  howerer 
email,  still  interfrre  in  the  inveatigation  of  complicated  cases,  and  the  datannination  of 
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aeeonta  coaeliuioDSythe  initninraot  ifaotild  only  be  imd  id  Umms  ii 
raey  witliin  a  certain  degree  ii  fufficient  ibr  the  poipoee.  All  nicer  reeaha  thooU  hi 
obtained  bT  calculation  nom  a  tabU  of  equitalenta :  if^  fbr  inatanoe,  tbm  qoantity  of  ni- 
pburic  ada  in  64.7  graini  of  aulphate  of  biu7ta  were  refuired  to  two  or  three  pisMi  if 
decimala,  it  would  be  better  to  take  the  eqniTalent  niUBberB  of  ralpbmte  of  kwrjta  mi 
aolphurio  acid  from  luch  a  table,  and  to  nj,  aa  the  fint  nomber  ia  to  tno  eeoond,  ao  is  617 
to  uie  (quantity  of  sulphuric  acid  it  contains,  than  U>  work  with  the  ■emle.  The  pnsat 
determination  of  the  sulphate  of  barjta  ia  118,  and  that  of  anlphorie  aoid  40,  hjdmfa 

being  1  or  unity,  and  as  1 18  is  to  40,  so  is  64.7  to  21.982  Tory  nearly.    It  will  be ' 

hie  to  ascertain  this  last  number  accurately  on  an  ordinary  scale,  or  to  obeetre  hm 
diffsrs  from  22. 

There  are  numerous  tables   of  equiralents  nd>lished  in  difierent  cheaiieal 
Whichever  may  be  adopted  should  be  examined  nora  time  to  time,  and  tha  at 
ed  to  bodies  on  it  corrected,  whenever  they  are  more  aocorately  detanoinad. 

It  haa  been  shewn  by  Gay-Lussac  and  others  that  all  gasea  and  all  Toiati] 
when  in  the  state  of  vapour,  combine  or  act  chemically  in  volumes,  whieli  have  vi 
relations  to  each  other.    These  volumes  onceasoertainad,  may  be  cooaiderad  ia 
tion  of  equivalentif  and  their  proportions  aie  so  simple,  aa  to  oe  remenabarad 
least  difficulty  :  it  is  therefore  nighly  advantageous  in  all  tables  of  chami^J  eq 
place  amal  I  diagrams  by  the  sides  of  the  substances  and  their  nombers,  vrhich  may 
the  volumes  of  the  equivalents  when  brought  into  the  state  of  gas  or  vapoor.    Fer  it » 
qmres  no  great  fiower  of  discernment  to  perceive  that,  if  bodies  combine  ia  ^ ^^^ 
weights,  and  also  in  simple  ratios  of  volumes,  these  volumes  so  combining  mnal 
the  weights jfHreviously  found  to  be  definite  :  for  whether  two  aobetancaa  which 
to  form  a  third,  are  ODserved  by  weight  or  volume,  still  they  combine  only  in 
portion. 
•:8o  arranged,  the  table  will  have  an  appearance  of  the  following  kind  : 


Hydrogen 
Oxygen    - 
Chlorine 
Iodine 
Water      - 
Muriatic  acid    • 
Hydriodio  add, 
Ammonia 


1 

8 

30 

125 

9 

37 

126 

17 


D 

CD 

D 
D 
D 

LD 
CD 
CD 


and  will  be  found  very  usefol  when  referred  to  for  gaseous  or  Taporooa 

proportions  of  these  volumes  are  much  more  easilv  remembered  than  tbe  proomtw 
theur  equivalent  numbers ;  which,  added  to  the  iacility  with  which  the  bulk  ofgant 
vapours  are  ascertained,  may  often  properly  induce  the  chemist  to  dispense  with  the 
mmation  of  weights,  and  work  with  volumes  only.* 


*  Faraday*s  Chemiocd  Man^mUOion. 
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TABLE  I. 

The  folhwing  are  the  re$uh$  obtained  hy  a  commissian  appointed  iy  the 
Paritian  JJeadefMf  qf  Scieneti  to  examine  Hue  eladie  force  qf  vapowr.^  T%^  wen 
oHamed  Inf  expenmmU  up  to  a  preeeure  (Ojf  25  atK»eifken»y  and  ed  higher  preeeuree 
by  ecdeuUdien, 


WtmnOdtj  c€  Um  ▼»»• 

TMnptratim  accord* 

Etarnkkj  of  the  rap. 

T^mpeiatura  aeeocd> 

Inf  to  Fahr. 

taking  atmoaphorkc 

lag  to  f  ahr. 

pw.  M  uoHj* 

pTMi.  as  UDhj. 

1 

2120 

» 

4 

23S.96 

14 

386.94 

f 

9&0.59 

15 

392.8t 

91 

,963^ 

16 

398.48 

3 

275.18 

17 

403.82 

H 

2S3.08 

18 

408.92 

4 

2:):J  72 

19 

413.78 

4i 

:i{Y)MS 

20 

418.46 

5 

:)i  7.5 

21 

422  J6 

^ 

:il4  24 

22 

427.28 

6 

:iul»  30 

23 

43142 

^ 

:\A\.2C} 

24 

435.50 

7 

331.70 

25 

439.34 

2* 

33C86 

30 

457.16 

8 

341.78 

35 

472.78 

9 

350.78 

40 

486M 

10 

358.88 

45 

491.14 

11 

366^ 

50 

510.60 

12 

374.00 

*  Brtiid«*fl  Jour.  N.  S.  Tui ;  191. 
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Table  of  the  Elastic  Fore*  of  Aftknu  Vi^m^^  diferent  Teti^)aratmi, 


oceco      »i»u,. 

ForM<.fV..p«... 

Foiu«TiM«| 

rmli. 

F.h, 

^: 

1 

L.„ 

D.,.. 

.« 

t-t 

32  f' 

0200 

0200- 

7»' 

0.971 

15KF 

am 

I     ^ 

0907 

80 

1.00 

1.010 

137 

4.00 

34      - 

OJSU 

Bl 

1.04 

128 

4.11 

:  ■  as 

0.'«1 

82 

1.07 

139 

4:23 

38 

aaQ9 

S3 

1.10 

130 

434 

4aei 

'     37 

aa37 

64 

1.14 

131 

4.47 

tt245 

..85 

1.17 

1.170 

133 

460 

3i> 

0.-254 

66 

131 

133 

4J3 

40 

a'AEi  1  0.250 

87 

1.24 

134 

4.86 

41 

i):m 

68 

1.28 

135 

SJM 

&on 

4^ 

O-^Ki 

1J2 

136 

5.U 

43 

0.«+4 

90 

1.36 

1.360 

137 

429 

44 

0303 

.»1 

L40 

138 

S.44 

45 

0316 

•03 

Z.44 

139 

5JSB 

46 

0328 

^ 

1.4ff 

140 

5.74 

sm 

47 

0.339 

M 

ua 

141 

5.90 

48 

0351 

95 

1.58 

L640 

■      142 

SM 

49 

0363 

96/ 

1.63 

143 

&31 

90 

0375 

0360 

97 

1» 

144 

63? 

SI 

0^388 

96      ^ 

1.74 

145 

6^ 

0600 

sa 

O401 

99 

1.80 

146 

&70 

53 

0415 

100 

1.86 

1.860 

147 

6.87 

54 

0439 

101 

1.93 

148 

7ja 

55 

0443 

0416 

102 

158 

149      .. 

73a 

56 

0458 

103 

a.04 

150 

7J3 

7J30 

57 

0471 

104 

2.11 

151 

7.61 

56 

04S» 

105 

ai8 

2.100 

153 

7.81 

59 

0-5O7 

IOC 

ajM 

153 

aoi 

60 

0.524 

0516 

107 

a,f3 

154 

aao 

^ 

0542 

108 

a3!) 

155 

a4o 

am 

83 

0^X1 

109 

a.46 

IS6 

&eo 

63 

0.576 

no 

a53 

2.456 

157 

8l8I 

64 

0.597 

111 

S.60 

158 

9m 

65 

0.616 

0630 

113 

Sb6S 

158 

9L34 

66 

0.635 

113 

a.76 

160 

9^ 

sun 

67 

oa55 

114 

3.84 

161 

9L68 

68 

0.67fi 

115 

urn 

3:830 

163 

a9i 

69 

0.698 

116 

aoo 

163 

iai5 

70 

0721 

0736 

117 

ao8 

164 

10.41 

71 

0745 

lie 

ai6 

165 

io.ee 

lOiW 

72 

0.770 

119 

3.25 

166 

1096 

73.     ■ 

0.796 

120 

033 

3.300 

167 

11.35 

rt 

0.623 

lai 

3.42 

168 

11.S1 

75 

0.851 

0860 

132 

aso 

169 

11^ 

79 

0680 

133 

3.59 

170 

19.13 

HUB 

77 

0.910 

124 

a69 

171 

13:43 

7g 

O940 

135 

a79 

a830 

17» 

1173 



T4BLE  It— CoNTirntED. 


vr 

VnruarTjipear. 

-z- 

r«wrfv.p™f. 

-r 

Con.ofV.^1,       1 

I^u-   I    r^ 

"■ 

<"..  . 

IH,^ 

t'n. 

173° 

iao3 

aw" 

.17.53 

275= 

83.13 

93.480 

174 

ia33 

ias 

3^30 

39,110 

876 

84J)S 

175 

i:tfia 

13J50 

236 

38.89 

40.100 

377 

8547 

97.800 

176 

ia93 

227 

39J)9 

378 

«150 

177 

14.22 

338 

40J0 

27i) 

87Ji3 

lOliiOO 

178 

14.33 

329 

41.02 

280 

8&7» 

lOlJWO 

179 

14>«J 

330 

41.75 

43.100 

281 

msr 

104^00 

180 

15.15 

15.160 

•331 

42J0 

283 

90JW 

lei 

I5uW 

333 

43.24 

283 

92.11 

107.700 

182 

IS^ 

233 

44.00 

284 

033^ 

183 

1(12:1 

334 

44.78 

4aMb 

285 

9435 

112300 

184 

lOtil 

235 

45,.W 

47JH0 

286 

%4B 

185 

17.00 

16.900 

33G 

46.3!t 

387 

«UM 

114J0O 

leii 

17.40 

237 

47:20 

288 

97.80 

187 

17.80 

338 

4HJM 

50J00 

289 

KeiKi 

118300 

188 

iej» 

a:«i 

4a84 

aso 

loais 

laaiso 

18!) 

1R60 

MO 

4».tff 

5L7pD 

2!>1 

10138 

190 

19.00 

laooo 

241 

SOJiO 

293 

102.45 

laaiOD 

Ull 

19.42 

■212 

51,-W 

.laeoo 

293 

103,63 

193 

19.86 

243 

52.18 

294 

104.80 

126.700 

liB 

30.32 

2U 

S3.0:< 

295 

IftWff 

129.000 

tw 

20.77 

245     ., 

SL88 

StiJMO 

296 

107.14 

195 

3IJtt 

Sl.lOO 

340 

54.C8 

aw 

108,-il 

tmsno 

196 

31.68 

247 

59«4 

398 

109;48 

1.37.400 

197 

22.1:1; 

348 

56.43 

60.400 

29!i 

iiaei 

198 

sajjtl 

249 

.S7-31  1 

;wo 

111.81 

139.700 

199 

2ai6| 

350 

SPJil  161.900 

301 

najie 

300 

SatVt   23.600 

251 

.W.12 

fiX500 

.103 

114.15 

144.300 

301 

24.13 

6a05 

:m 

11533 

147.700 

303 

24.61 

253 

RI.O0 

304 

II6JW 

303 

25.10  1 

354 

G1.92 

ti6.700 

3Wi 

lUM 

904 

35.61  1 

255 

ai85 

6735 

306 

118.86 

154400 

305 

26.13  asiKio 

356 

63.76 

307 

130L03 

206 

36.(i6 

257 

64.83 

caeoo 

308 

13130 

157.700 

307 

2730 

258 

G5l78 

309 

122-17 

308 

27.74 

im 

66.75 

310 

133.53 

161.300 

30» 

28J«1 

360 

£7.73 

72.300 

311 

124.69 

164.800 

210 

28.84 

aa88o 

261 

68.73 

313 

125.85 

167.000 

311 

29.41 

3l« 

69.73 

75.900 

318 

127.00 

313 

30.00 

30.000 

S63 

70.73 

314 

iaai5 

Qlli 

30.fi0 

364 

71.74 

7?.900 

315 

12939 

214 

31J21 

265 

72.76 

78.040 

316 

130.43 

315 

31.63 

26n 

7a77 

317 

131.57 

21f; 

a2.46 

31400 

267 

74.79 

81.900 

318 

132.72 

2j; 

33.09 

268 

75.80 

319 

ia3.8<i 

318 

:t:t.73 

26!> 

7&e3 

84i>00 

.-120 

I;t5.00 

219 

mxi 

arc 

77.85 

86-tOO 

321 

136,14 

220 

34.99 

35JM0 

371 

78.89 

88.000 

:ta 

13738 

231 

35.63 

36.700 

273 

79i>4 

323 

138.42 

333 

36.35 

273 

80.98 

91300 

324 

139J6 

393 

3&88 

874 

88.01 

335 

Ha70 

520 
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TABLG  III. 

Dr  Ure*M  Table,  thotoing  the  EkuUc  Farce  ofA^  Vapour*  of  Alcohol  aMi 
Ether  at  d^ffhrerU  Teffiperafure%  expreued  in  hches  ofMereuFy, 


Ether. 

AlcAol  t}^  gr.  0  813. 

Alcohol  sp 

1.  gr.  flLSIt. 

TMq). 

Foroa  of  Vapour. 

T«mp,, 

FoTMot  Vapmif. 

Ti». 

j    FWwafTipiW. 

34° 

6M 

32** 

0.40 

193.3 

4dfi0 

44 

aio 

40 

0.56 

196^ 

50l10 

54 

10^ 

45 

0.70 

200 

saoo 

64 

10.00 

50 

0.86 

206 

6QJ0 

74 

I&IO 

55 

1.00     ' 

210 

65J0O 

84 

20.00 

60 

1.23 

214 

eaao 

94 

24.70' 

65 

1.49 

216 

72J» 

104 

30.00 

70 

1.76 

220 

7&S0 

105 

30.00 

75 

2.10 

225 

87J0 

110 

32^ 

80^ 

2.45 

230 

9U0 

115 

35.90 

85 

2.93 

232 

97J0 

190 

39.47 

90 

a40 

236 

loaao 

125 

4SSH 

95 

.     3.90  . 

238 

106J90 

130 

47.14 

100 

4.50 

240 

HUM 

135 

51.90 

105 

5.20 

244 

iiaao 

140 

56.90 

110 

aoo 

247 

122J0 

145 

62.10 

115  « 

7.10 

248 

126L10 

150 

67.60 

120 

aio 

249.7 

13U0 

155 

7a60 

125 

*9J25 

250 

132«10 

160 

80.30 

130        , 

10.60 

252 

la&flo 

165 

86.40 

135 

12.15 

254.3 

143L70     ! 

170 

92.80 

140 

ia90 

25a6 

isijn    i 

175 

99.10 

145 

15.95 

260 

155l20     : 

180 

lOQ^ 

150 

18.00 

262 

16L40     > 

185 

iiaio 

155 

20.30 

264 

166J0 

190 

124.80 

160 

22.60 

195 

133.70 

165 

25.40 

200 

142.80 

170 

28.30 

i 

205 

15i;)0 

173 

30.00 

1 

1 

210 

166.00 

1 

17a3 
180 
182.3 
185.3 

33.50 
34.73 
3&40 
39.90 

1 

. 

190 

43i» 

Jippeniix. 
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TABLE  IV. 

r  lire's  Table  of  the  QuantUp  of  CHI  of  Vitriol,  of  sp.  gr.  1.8485,  a 
of  Anhydrous  Acid,  in  100  Parts  ofdikde  Sulphuric  Acid,  erf  difirent  Densities, 


Liquid. 

Sp.  Gr. 

Dry. 

1   Liquid. 

Sp.  Gr. 

Dry. 

Liquid. 

Sp.Gr. 

Dry. 

100 

1.8485 

81JS4 

66 

1JW03 

53.82 

.32 

1J2334 

S6.00 

99 

1.8475 

8a72 

65 

1.5390 

53^ 

31 

1J2260 

25J28 

m 

1.8460 

79.90 

64 

1JS280 

52.16 

30 

1.2184 

24.46 

97 

1.8439 

7ao9 

63 

1.5170 

51.37 

2i> 

1.2108 

2a65 

96 

1.8410 

78iJ8 

ca 

1.5066 

5a55 

28 

1.2082 

22.83 

95 

1.8376 

77.46 

61 

1.4960 

49.74 

27 

1.1956 

22X)1 

94 

1.8336 

7a65 

60 

1.4860 

48.92 

2(> 

L1876 

91i20 

93 

1.82J)0 

7&ft3 

59 

1.4760 

48.11 

25 

1.1792 

20.38 

99 

1.8233 

75.02 

58 

1.4660 

47.25) 

24 

1.1706 

19J57 

91 

1.8179 

74.20 

57 

1.4560 

4(i48 

23 

L1626 

ia75 

90 

1.8115 

73.31> 

56 

].44(X) 

45.66 

22 

L1549 

17.94 

89 

1.8043 

72^7 

55 

1.4.3()0 

4485 

21 

L1480 

17.12 

88 

1.7962 

71.75 

54 

1.4265 

44.03 

20 

1.1410 

16^1 

87 

1.7870 

70i)4 

53 

1.4170 

43.22 

19 

1.1330 

15.49 

8(i 

1.7774 

7ai2 

52 

1.4073 

42.40 

18 

1.1246 

14.68 

85 

1.7673 

(J9.31 

51 

1.3J)77 

41.58 

17 

1.1165 

1086 

84 

1.7570 

(58.41 » 

50 

1.3884 

40.77 

16 

1.1090 

]3X)5 

83 

1.7465 

67.(58 

49 

1.3788 

39i^5 

15 

1.1019 

12.23 

8a 

l,r360 

m,m 

48 

L36})7 

39.14 

14 

1.0953 

lUl 

81 

1.7245 

(i6.05 

47 

1.3612 

38.32 

13 

1.0887 

10.60 

80 

1.71*20 

65JI23 

46 

l.:i530 

37.51 

12 

1.0809 

9.78 

79 

l.taKVi 

64.42 

45 

1.3440 

3(UiI) 

11 

1.0743 

8.97 

78 

l.tftCO 

oacjo 

44 

i;i:M5 

35.88 

10 

1.0682 

&15 

77 

l.<>7r)0 

6^.78 

43 

l.;}255 

:i5.0() 

9 

1.0614 

7^ 

76 

l.(»):30 

iMsyj 

42 

1.31(55 

34.25 

8 

1.0544 

6.52 

75 

l.<J5*-^0 

(U.15 

41 

1.3080 

33.43 

7 

1.0477 

5w71 

74 

1.<M15 

()0.34 

40 

1.2991> 

32.61 

6 

1.0405 

4.89 

TS 

l.ism 

59.5*2 

39 

1J2JU3 

31iW 

5 

1.033(J 

4.08 

n 

1.6204 

58.71 

38 

1J2826 

30.98 

4 

1.^268 

3.26 

71 

l.t;0!K) 

57^) 

37 

1.2740 

:w.i7 ' 

3 

1.0206 

2.446 

70 

].r>i)7r, 

57.08 

;}6 

1.2654 

2J);J5  1 

2 

1.0140 

1.63 

m 

1.5868 

5(W(> 

35 

1A572 

28.54 

1 

1.0074 

0.8154 

(ft? 

1..57()0 

55.45 

34 

1.2490 

27.72 

67 

1.5618 

51.63 

33 

1.^09 

2(k1M  l 

1 

6& 
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Jippendix. 


TABLE  V. 


Tablb  of  Muriatic  (Hydrochloric}  Add^  hy  Dr  Ure,^ 


Aeid  of 

laoinioa 


100  L2000  39.675 


99 


96  U964  38.882 


97 

96 

95 

94 

93 

92 

91 

90 

89 

88 

87- 

86 

85 

84 

83 

83 

81 

80 

79 

78 

77 

76 

75 

74 

73 

72 

71 

70 

69 

68 

67 


Specific 
Oraviiy. 


1.196239.278 


Chlorini. 


Mortaitc     Aeid  of 
Gm.        120  in  100. 


1 J641 32.136 


1.162031.74632.621 
1.1599  31.343  32i213 
1.157830.94631.805' 
1.155730.55031.3981 
1.153630.15330.990 
1.151529.75730.582 
1.149429.36130.174 
1.147328.964  29.767 
1.1452  2a567  29.359 
1.1431 28.171 128.951 
1.141027.77228.544 
1.138927.37628.136 
1.1369  2a979  27.728 
1.1349l2a58;)  27^1 


40.777 
404)69 
39.961 
39.554 
39.146 
38.738, 
38.330 
37.923 
37.516 
37.108 


1.194638485 
1.192838.089 
1.191037.692 
1.1893  37Ji296 
1.187536.900 
1.1857  3&503 
1.1846  3&107 
1.1822  35.707|3a700 
1.1802  35.310  3a292 
1.178234.91335.884 
1.176234.51735.476 
1.1741 34.121 35.068 
1,172133.72434.660 
L1701 33.328  34J852 
U681 32.931 33.845 
1.1661 32.535  3a437 


3a029i 


66 

65 

M 

63 

62 

61 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 


Sptcifie 
Graviljr. 


Chlorioe 


1.1328  2ai86  20913 
1.1308  25.789  2&505 
L12872S.3922a096 
1.126724.99625.690 
1.12472459925^282 
1.1226<24i202  24874 
1.1206193.80524466 
1.1185,2a40»24.058 
1.1164  2a0122a050 
1.1143  22.615  2a242 
1.112322.21822.834 
1.110221.82222.426 
1.108221.42522.019 
1.106121.02821.611 
1.1041 20.632p21Jii03 
1.1020  20.235  2a796 


1.1000 
1.0980 


1.0919 
1.0899 


1.0859 
1.0838 


Murlftik 
Gaa. 


1.096019.044 
1.0939  ia647 


19.83720.388 
19.440ll9.960 
19.572 


ia250 
17.854 


1.0679 17.457 


17.060 
1&664 


1.0818 16J267 
1.079815.870 


1.0778 
1.0758 
1.0738 
1.0718 
1.0697 
1.0677 
1.0657 


15.474 
15.077 
14.680 
14.284 


19.165 
ia757 
18.349 
17.941 
17.534 
17.126 
10718 
16.310 
15.902 
15494 
15.087 
14.679 


ia887,14J^l 
ia490'ia863 

iao94;ia456 


Aeif!  nt 
ISO  io  lUO. 


Gianiy. 


32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 


CU«nM.|     Ga*. 


L697^ 


12i00ll26|]' 


]a049| 


1.0637 

1.0617 

1.05^  11.903il2^ 

L05771l.50GilLffl5| 

1.0557  II.IOUIUI 

L0S37  ia712llLOI 

1.0517 10;)16!l 


1.0497 


L0477  9JS33|a7k 


1.0457 

L0437 

1.0417 

1.0997 

1.0377 

1.0357 

1.0337 

1.031 

1 


9i^i»;iai9« 


ai26fa379 
&7S$  89711 


7.935  a] 
7.5381  7 J4 
7.141|  7JM0! 
a74S  6SSi. 

earn,  ejm 

&95li  &])6i 
5.554  5l70» 
5.158  &30L' 
47621  46991 
4365i4ldS 

im 
a» 


asTi 
ai74 

1.01401  2L778I  2JS5i. 

IJ0120 

1.0100 


1.0060 
1.0060   1.I9I 
1.0040  a79^ 


1.0020 


2.381  2L4ir 
li)84  SLIOI' 

1.588.  hsai 
0816 


0.397  aioe 


*  DkUonary  qfAfii  md  Manufodurett  873. 


^Bffmiiix. 
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TABLE  VI. 

fihe  QiuaUitff  of  Real  or  Anhydroui  1 
PariM  qf  lAqmdJ^cid,  ai  deferent  Denrities. 


Real  Acid  in  100 

RemlAcidinlOO 

RmI  Acid  in  100 
qaMi 

Sp  Or. 

- 

parts  of  the  li- 
quid. 

Sp.Gr. 

* 

• 

parts  of  the  U* 

Sp  Gr, 

1.5000 

79.700 

1.3783 

52.602 

1.1895 

26301 

1.4960 

78.908 

1.373B 

61.805 

1.189B 

25.504  *• 

1.4960 

7ai06 

1.3661 

51.068 

1.1770 

24.7CW^ 

1.4d40 

77.309 

1.3630 

50.211 

1.1709 

23.910 

1.4910 

7a512 

1.3579 

49.414 

1.1648 

2ail8 

1.4880 

75.715 

1.3529 

48.617 

1.1587 

22316 

1.4850 

74.918 

l.ai77 

47.820 

1.1526 

21.519 

1.4820 

74.121 

1.3427 

47.023 

1.1465 

20.722 

1.4790 

73.324 

1.3376 

46.226 

1.1403 

19.925 

1.4760 

72.527 

l.?323 

45.429 

1.1345 

19.128 

1.4730 

71.730 

1.3270 

44.632 

1.1286 

18.381 

1.4700 

70.983 

1.3216 

4a835 

1.1227 

17.534 

1.4670 

70.136 

1.3163 

4a038 

1.1168 

16.737 

1.4640 

69.339 

1.3110 

42.241 

1.1109 

15.940 

1.4600 

(>8.542 

1.3056 

41444 

1.1051 

15a43 

1.4570 

67.745 

1.3001 

40.647 

1.0993 

14.346 

14530 

66i>48 

1J2947 

39.850 

1.0985 

13.549 

1.4500  > 

66.155 

1.2887 

;<9.053 

1.0878 

12.752 

14460 

65.354 

1J2826 

38J256 

1.0821 

11.955 

1.4424 

64.557 

1.2765 

37.459 

1.0764 

11.158 

1.4385 

63.760 

1J2705 

3&662 

1.0706 

10.36J 

14346 

62.963 

1^2644 

35.865 

1.0651 

9.564 

1.4306 

62.166 

1J2583 

35.068 

1.0595 

a767 

1.42B9 

61.369 

1.2523 

3Aja7i 

1.0540 

7i)70 

1.4228 

6a572 

1J2462 

3a474 

1.0485 

7.173 

1.4189 

59.775 

1J2402 
li341 

32.677 

1.0430 

6.376 

1.4147* 

58.978 

31.880 

1.0375 

5.579 

1.4107 

58.181 

1J2277 

3T.083 

1.0820 

4.782 

1.4065 

57.384 

1J2212 

30J286 

1.0267 

3.985 

1.4023 

56.587 

1J2148 

29.489 

1.0212 

ai88 

ijxm 

55.790 

1J2084 

28.(m 

1.0159 

2^1 

i.am5 

54.993 

1.2019 

27.895 

1.0106- 

1.594 

1.3882 

54.196 

1.1958 

'     27.098 

1.0053 

0.797 

1       1.3833 

5a399 

'         1 

_ . 

•Appeiw/u. 


Table  0/  Lowiiz,  showing  the  Quantity  of  AbaoliUe  Alcohol  t«  S^iritt  *f 
tUffatsl  ^Kcific  GravHiu. 


100  Part* 

Specific  Gm.Uj, 

100  P«u. 

SpMiBc  GniTitf- 

loaParU. 

Sp  Gn^ir   } 

•>"" 

w„., 

..c,'. 

*.».. 

IZZ^ 

«....■ 

^...■ 

^,.^. 

.,...w, 

«.^ 

.,«.   i  .- 

100 

0 

0.791 

0-7915 

66 

34 

0.977 

0.881 

S2 

C9 

0.953' OK} 

99 

1 

0  794 

0.798 

Ofr 

35 

0.880 

0.983 

SI 

fi9     0  9S4!0WI, 

98 

S 

0.797 

0  801 

64 

36 

0.882 

0.886 

90 

70     O.95fi.0JM| 

97 

3 

0.800 

0-804 

63 

37 

0.885 

0.889 

39 

71 

0,957  1  ftMO 

96 

4 

0.803 

0-807 

62 

38 

0.887 

0.891 

S8 

72 

0.939  :as« 

95 

5 

0.805 

0  909 

61 

39 

0.889 

0.893 

27 

73 

0.9«1  \tM 

94 

.fl 

o.aos 

0  912 

60 

40 

0393 

0.996 

26 

74 

0.96s'aM 

93 

7 

0.811 

0.3I5 

59 

41 

0894 

0.898 

S5 

75 

0.965   0-M 

93 

8 

0.813 

0917 

58 

42 

0.896 

0.900 

24 

76 

0.9«6  <  a»fii 

91 

9 

0.816 

0820 

57 

43 

0.899 

0.903 

33 

77 

0.968  ,  0J7« 

90 

ID 

0.8  IS 

0-832 

56 

44 

0  901 

0.904 

33 

78 

0.970  or* 

S9 

II 

0.831 

0925 

55 

45 

0  903 

09O6 

91 

79 

0.971    097* 

88 

13 

0.923 

0.937 

54 

46 

0.905 

0908 

90 

SO 

0.979   0J7* 

87 

la 

0  836    0.S30 

53 

47 

0.907 

0.910 

19 

81 

0.97-1    Ojni 

S6 

14 

o.ms 

0-832 

52 

48 

O.909 

0.91s 

IB 

M 

0.976 ;  Ogfl 

S5 

la 

0.831 

0-835 

SI 

49 

0.912 

0.915 

17 

89 

0.977  ;097» 

84 

16 

0  834 

0-838 

50 

50 

0.914 

0.917 

16 

•M 

0.978  !0S7» 

83 

17 

0.936 

a840 

49 

51 

0.917 

0-930 

15 

85 

O.9S0  ;  0981 1 

m 

18 

0,839 

0-943 

48 

52 

0,919 

0.933 

14 

86 

0.981    09eJ 

SI 

19 

0.842 

0.846 

47 

53 

0.931 

0,934 

13 

87 

0.9BS.oaH 

80 

ao 

0.844 

0.848 

*G 

54 

0.923 

0.936 

12 

88 

0.985  0J4l 

79 

21 

0.847 

0.651 

45 

55 

0.935 

0.999 

11 

89 

0.986  0*7, 

79 

22 

0.849 

a85S 

44 

56 

0.927 

O.950 

10 

90 

0.987   OJJS 

77 

23 

0.851 

0.853 

43 

57 

0.930 

0.933 

9 

91 

0.989   OJg» 

76 

34 

0  853 

0.857 

42 

58 

0.932 

0.935 

8 

93 

0.979   OdfB 

76 

35 

0.85G 

0.860 

41 

59 

0^34 

0.937 

7 

93 

0.991  l0,»l 

74 

26 

0.859 

0.863 

40 

60 

0.986 

0.939 

6 

94 

0.993   0.9f- 

73 

27 

0.961    0.865 

39 

61 

0.938 

0.941 

5 

95 

0.994 

73 

29 

0.86310  867 

38 

62 

0.940 

0.943 

4 

96 

0.999 

71 

3S 

0.866    0.870 

37 

63 

0.948 

0.945 

S 

97 

0.997 

70 

30 

0.8S8    0.872 

36 

64 

0.944 

0947 

3 

98 

0.998 

69 

31 

0.870    0874 

35 

65 

0.946 

0.949 

99 

0.999 

68 

32 

0.973  0^75 

34 

66 

0.948 

0.951 

0 

100 

1.000 

67 

83 

0.875  0.879, 

S3 

67 

aoio 

0.953 

Jfypimiig.  5S6 


Specific  Gravity  of  Essential  and  other  Oils, 

Oil  of  Ani«j-ieed, O-^^^ 

••     "    Bergamot,     .  .  .  .  •  0-885 

•»     "    Cajeput,  ........  0-^8 

«     "   Carawaj, 0.975 

"     "   Cawia, 1071 

"     "    Cinnamon,  ......••  1-035 

*«     "   Cloves,    .  .  .  .  1061 

•«     "   Fennel, 0.907 

Oil  of  Juniper,  ......'•  0.911 

**     *'    Lavender,     .........  0.898 

"     *'    Lemons,  ........  0.8517 

Nutmegs,       .........  0.948 

«*   Peppermint,        ........  0.899 

«     "    of  Roses,  (Ottar  of  Roses)  ......  0.832 

^     "   Rosemary,  ........  0.85 


Oils  of  Fermented  Liquors. 
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of  Grain  Spirits,     ........  0.835 

*•   Potato  Spirits,  ........      0.821 


Tables  of  Weights  and  Measures^  of  the  Correspondence  between  Fahren- 
keifs,  Reaumur's,  and  the  Centigrade  iliermometers,  and  of  FYtezing  Mixturts. 

■a 

WEIGHTS  A^D  MEASURES. 

WEIGHTS. 

The  standard  according  to  which  the  present  system  of  weights  is  regulated,  it  the  Truy 
bjrmafl  pound.*    It  contains  5760  grains. 

hnperial  Standard  Troy  Weight 

24  grains  &s     1  pennyweight. 

20  pennyweights    ss     1  ounce. 
12  ouaces  s=    1  pound. 

or, 

Grains.  Penny  weight*.       Ounces.      Pound. 

24         =s  1         =         aV  yixy 

480         =.  20         =  1  tV 

5760        »        240        «        12 


*  For  important  remarks  oo  weights  and  measures  and  on  the  siandard  weights  of  the  Uoittd 
8UIM,  see  Hassler's  ReporU  to  Congren,  ld37— 8. 
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JSIppMiix. 


Jhoirdvpois  WeighL 

The  pound  aroirdupoii  oonUins  7000  grains,  each  of  which  is  equal  to 
being  thus  beaTier  than  the  Troy  pound  by  1240  grains. 

1  drachm  ss 

e=>        1  ounce  ^ 

&=s        1  pound  SB 

3=        1  quarter  a&s 

s        1  cwt.  or  112  lbs.  es 

Bs        1  ton  ss 


Trojpi 


10  drachms 
16  ounces 
28  pounds 
4  quarters 
20  cwts. 


27.34375 

437.5 

7000 

196000 

784000 

15680000 


Pound. 
1 

7bS 


Ounces. 

16 

1 

tV 


or, 

Drachms. 
256 
16 
1 


7000  grai 
437.5 
27.34375 


1  pound  H>        = 


Apothecaries^  ffeight 

The  pound  in  Apothecaries'  Weight  is  equal  to  the  Troy  pound,  contaiouig5760pi 
but  is  differently  subdivided. 

12  ounces 

6  drachms 

3  scruples 
20  grains 

or, 

Dnchms.  5^niples.  Grains. 

96        «        288  »  5760 

8        »          24  »=  4dO 

1        =.           3  =  60 

1  =  20 


1 
1 
1 


Pound. 
1 


ounce  5 
drachm  5 
scruple  Q 


OoncM. 

12 

1 


5760  grains. 
480 
60 
20 


The  following  tables  show  the  correspondence  between  the  Troy^  AToirdupoii,  t 
Apothecaries'  Weights. 


Troj  Weight. 


Arotrdapoie. 


1  pound  =        13oz.  2  dr.  17.8125  grs. 

1  ounce  »  1        1        15.1562 

1  pennyweight        ss  0       0        24. 


=  1  poand. 
=  1  ounce. 
s=B         1   acniple  4  git. 


Aroirdupois. 

1  pound 
1  ounce 
1   drachm 


Troy  Weight 


1  lb  2  oz.  11  dwt.  16  gr. 
0       0        18  5.5 

0       0  1  3.34 


Apoibecarias'. 


1  ft2S  4  329 

0       0       7       0       17.5gn. 

0       0       0       1       7.34 


Apoihecariee*. 
1  pound 


1 
1 
1 


ounce 

drachm 

scruple 


Troy  Weight. 

1  pound 

1  ounce 

2  dwt.  12  gr. 
0  20 


Aroirdupoia. 


13  oz.  2  dr.  17.8125 
1  1  15.1562 
0    3    5.3125 

0    0    20. 


Drench  Decimal  fVdghL^Granmt »  15.4063  Troy  Ormiw. 

-»  0.0154  grmina 

«B  0.1540 

«B  1.5406 

1—  15.4063 


Milti|;ramme 
Cent^ramme 
Doci|;ramme 
Gramme 


Appndig. 
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MEASUBES. 


The  Imperial  Standard  Gallon  containa  ten  pounda  Aroudapoia  weight  of  diatiUtd 
mrater,  weiched  in  air  at  62^  Fahr.  and  30^  Barom.,  or  12  lb.  1  ounce  16  pennyweighta  and 
16  graina  Troy,  >■  70,000  graina  weight  of  diatilled  water.  A  cubic  inch  of  diatilled 
weighs  252.458  graina,  and  the  imperial  gallon  contain!  277  274  cubic  inchea. 


DMtiUed  Waur. 

—  -*- 


hnptrxal  Measure. 

1  Quarter  ae  8  fiuahela. 

1  Bushel  SB  4  Peeks. 

1  Peck  *  2  Gallons. 

1  Gallon  SB  4  Quarta. 

1  Quart  ^  2  PinU. 

or. 


Gf&int.         Aroird.  lb.        Cub.  Inch. 

Pirn. 

Quart. 

OaUa.         Pec 

87ri0  »      1.25  =        34.669 

:_ 

1 

17500  =.      2.5     =»        69.318 

IB 

2 

OS               1 

70000  =»    10        »      277.274 

^ 

8 

«.        4 

=       1 

yOOOO  —    20       =      554,548 
WOOOO  =    80       =.    2218.192 



16 

»        8 

=      2    »    1 

OB 

64 

=      32 

=:          H       r.       4 

44dOOOO  »  640       »  17745.536 

MB 

512 

«    256 

=    64    »  32 

Bosh.       Or. 


8 


•^pothecaritt*  Measure  (London  Phannacopoeia). 

The  gallon  of  the  former  wine  meaaure,  and  of  the  present  Apothecariea'  measure,  oon- 
ina  58333.31  grains  weight  of  distilled  water,  or  231  cubic  inches,  the  ratio  to  the  impe- 
viml  gallon  being  nearly  as  5  to  6,  or  aa  08331  to  1. 


Gallon. 


1  Gallon 
1  Pint  0 
1  Ounce  f  S 
1  Drachm  T  5 

8  Pints. 
16  Ounces. 

8  Drachms. 
60  Drops,  or  Minima. 

Pinu. 

OuncM.        Drachma. 

Of* 

Minims.      Or.  of  Dlat  Water.    Cub  Inch. 

=r     8 

1 

=     128    =     1024 

=       16    =       128 

1    =          8 

1 

^ 

61440    :=:    58333.31    =    231 
7680    =      7291.66    =      28.8 
480    =        455.72    =        1.8 
60    =          56.9(i    «        Oil 

t)r€nfk  Deeinud  Measure  of  Capaeity,  Litre  =  61.02525   BriHsh  cubic  tncftet,  or 

15400312  grains  of  distUled  waUr. 


Millilitre 

— 

0.06102  cubic  inchea.^ 

Centilitre 

SS5 

0.61025                        ^ 

Decilitre 

sss 

6. 102:^2 

Litre 

rs 

61.02525 

TUIe  siknoing  the  }f eight  in  Grains  of  various  Measures  (Jlpoihtcariss)  of  different 

Fluids, 


IDwUtled  Water  •    •    - 
uric  Ether  -    -    • 

IcKibol 

of  Ammonia  - 

orialjc  acid  -    .    -    - 

add      .... 

■eid    .    -    . 


RpedSc 
Ormviljr. 


1.000 
0.720 
0.796 
0.925 
1.118 
1.480 
1.848 


1  Plat 


729166 
5249.99 
5834.16 
6744.78 
8152.07 
10791.65 
13474.96 


Weight  in  OnJM  of 


1  Ounce. 


455.72 
328.12 
362.76 
42154 
509.50 
674.47 
842.18 


1  Drmcboi. 


56.96 

41.0k 
45.34 
52.69 
6368 
84.30 
105  J27 


1  Mialai. 


0.947 

0683 
0.749 
0.878 
1.061 
1.405 
1.754 
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Fig.  I,  «» ire 


.Spparalaa  for  ottainitig  Polattimm. 

bm.  luallfablfl  iron,  about  12  inches  luns, 

Iroa  at  leatl  lfar«e  eigblhi  of  id  incli  thick.    A  (id  ii 

it,  and  ihii  ia  lecuted  bj  bd  iron  rod  paasing  ihrouab  lw( 

npjwr  part  of  Ibe   pot.     A  gun-barrel  paaaei  from  th' 


pot  made  of  tb 

n  diameler ;  th 
itely  ( 


npper  part  of  Ibe   pot.     A  gun-barrel  paaaei  from  tnn  coTsr  to  the  rC'  ^       \ 

ceivsr.     Tlie  reeeiver  conaliU  of  two  piece*      It  ii  oiade  ot  tinned  c<^  P^'n 

Fl;.  4                per.   The  pii!i:e(Fig.  S)iialliinparallElopipcd,  10  I          I 

/i h- pi        inches  long,  i5  or6  broad,  and  II  thiclt.    It  ta  nhut  I          I 

A-  --i-f-i —            at  the  lop  and  open  al  tho  baltom.    It  ia  divided  by  I         j 

(tip  ^  '\         X)    '  diaphragm,  n,  to  within  one  ihjrd  of  the  bottom.  r~^ 

On  one  iide  is  a  amal!  boJe  into,  which  the  end  of  ■' 


tha  gun-barrel  enten,  and  to  wl 
better,  fitted  bj  grinding.  Oppoaiie  ti 
with  a  cork  through  which  an  iron  w 
alio  tliroiigh  a  cork  fitted  into  the  holi 
of  thii  wire  !■  la  keep  Ihe  gnn-bsrrrl  H 
le  other  part  of  tha  receiver,  open  above,  and  ahi 
t  exseltj.  A  few  inchei  of  napblba  a 
pinced  in  ix;  l>eing  well  luted  with 
A  bent  giaea  lube  prot-eeds  from  2  i 
-■      '  filled  wilh  naphthi 

Fig.  4  alMwa  the  arrange- 
ment of  t>     ' 


nelted  ; 
with  i] 


luted  air-tight,  o  . 

ia  another  Oficiuag.  faM 

'    tight.     It  MB 

1.    TUm 


claj  lula  miied  with  abuut  o 

iron  filing!  and  rbarciial.  and 

into  piecea  about  an  inch   in  Icnglh.    Tkii  a 

bound  round  again  witli  wire,  and  the  sMt 

rubbed  over  wilTi  lute.    It  ahould  be  allon^B 

dr^  a  da<r  or  two  belbre  uiin^i   anil  the  cncta 

ahould  he  filled  up 

'I'be  iron  pol  i»  placed,  as  repieaenteif,  i 
■  piece  of  &T0  brick,  and  fix 
Elav.    The  bodjofihenirnBc 
'~:^neB  long,  15  brood,  t~  '    ' 


from 


Ibe  fun 


•quam  (iiuide). 


'oryco 


e  may  br  than  I; 
i8  deep  ;  ibt  wiSk 
il  Ibe  flue  otackM 

of  the  rumareiacoTtcedkri 
jale  about  three  fuuiilM  of  aa  ait 
ilh  BD  opening  in  the  reaai 
Ii  fuel  ia  introduced,  a  marath 
riiBsing  through  a  hole  bondiac 
f  tho  BiBle  of  the  apparalu*  iiitla 
the  braaderd.  In  allow  th*  In  k 
lie  wittidrawn  wlienever  >l  iiiay  tie  necessary  ;  it  ib  conelrucled  in  such  a  manner  ■•  tail- 
low  it  to  be  eaaily  cloaed  up  with  a  brick  and  a  little  mortar,  which  mair  be  remoiedapa 
with  the  aamn  facility.  A  door  ii  also  plsced  b«low  to  regulate  the  adminioa  of  tbt  ■■. 
•nd  a  damper  in  the  vent  to  dimioiKh  Ilie  draiigbt  if  thia  aliould  be  Deceasary.  Tbetpir 
titre  in  the  aide  oflhe  furnace  for  the  sun-barrnl  mual  not  be  forgotten. 

After  everything  haa  been  properly  adjusted,  the  fire  may  be  pat  »d.  A  hnia  vMv 
eomea  away  when  the  apparalua  bucomea  red-hol;  aoon  after,  carbonic  oiidc  (bb 
evolved  ;  and  when  it  ia  al  whila  heat,  a  very  dense  vapour  ia  diaengagcd,  wbirt  Mn 
with  a  brilliant  flame.  The  receiver  intended  to  condenro  tlie  potanium  ma*  tt>«  h 
fixed  to  tha  eilremily  of  the  giin  barrel  without  the  furnace  The  TBiciver  ia  tbiiMis 
mended  by  Benellus,  which  ehoiild  be  kept  cold  by  ice. 

When  ibe  gaa  begin*  to  bo  diaengageri  alowly,  this  ariKa  in  general  fran  ibe  tube  tti^ 
ao  obalructed  as  to  prevent  It  from  paaslng  out  readily  ;  ibe  plug  ia  then  taken  out.  aa'  ' 
obstructing  matter  removed  as  completely  as  poaaible,  hul  if  the  raa  doea  not  sppar 
to  increase  in  quantity,  il  will  be  better  to  withdraw  Ihe  fire  and  allow  the  apfi^ 
cool  Too  much  caution  cinnol  be  taken  in  endeavouring  to  clear  tbe  tube  eiibrr^ 
the  distillaiion  or  after  Ihe  apparatus  has  been  allowed  to  coot,  for  th«  tube  bn^  fraqw 
le  the  maleriala  am  at  a  high  lampeialun  and  atill  |» 
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out  that  a  large  quantity  most  be  accamulated  in  a  short  time,  and  the  mdment  the  irape- 
dinient  to  its  Tree  fMissage  is  removed,  it  oAen  expands  with  explosive  violence,  and  gives 
rise  occasionally  to  serious  accidents.* 

The  mixture  of  charcoal  and  potassa  is  prepared  most  easily  h;^  exposing  six  or  seven 
pounds  of  cream  of  tartar  (crude  tartar  may  be  used)  to  a  red  heat,  in  large  earthen  or  iron 
crucibles,  till  no  more  gas  is  disengaged,  reducing  it  to  powder  in  a  mortar,  when  cold. 
This  is  transferred  immediately  to  an  iron  pot,  that  it  may  be  prevented  from  attracting 
water  from  the  air.  Brunner  states  that  when  the  tartar  is  mixed  with  okM  twelfth  of  its 
weight  of  charcoal  a  larger  quantity  of  potassium  is  obtained.  This  additional  quantity  of 
charcoal  is  usieful  also  in  preventing  the  fusion  of  the  carbonate  of  potassa  at  the  high  tem- 
perature to  which  it  is  aAqrwards  exposed. 

A   powerful  lamp  (Fig.  5),  where  a  large  flame  is  required,  may  be  Vlf*  ^ 

formed  by  filling  a  ting  of  tin  of  an  inch  or  more  in  diumeter,  and  nn 
inch  in  length,  with  wick  yarn,  and  placing  it  in  a  shallow  tin  vessel, 
in  the  centre  of  which  is  a  tube  or  cavity  into  which  the  ring  fits  loosely. 
The  tube  is  soldered  at  the  top  to  the  body  of  the  lamp,  but  a  small 
space  is  leA  at  tlie  bottom  to  permit  the  passage  of  the  alcohol  with 
"Mfliich  the  lamp  is  filled.  The  lamp  is  filled  by  pouring  the  alcohol  upon 
the  wick.  The  upper  ed^e  of  the  ring  rises  a  little  above  the  top  of  the 
lamp,  as  seen  in  the  section  Fig.  (i. 

The  power  of  different  metals  of  conducting  heat  may  be  shown 
Fig.  7.  ^y  ^0  apparatus,  Fig.  7.    See  paragraph  203. 


Fig.  6. 


Fig.  8  represents  a  convenient  funnel  for 
conveying  gases  into  vessels  the  funnel  be-  ^^'  ^ 

ing  prolonged  by  a  tube  at  right  angles,  and 
inverted  in  a  basin  of  water,  a  small  piece 
removed  from  the  edge  to  admit  the  pipe  from  a 

Advantage  will  sometimes  be  gained  by  cement- 
ing  a  thin  piece  of  wood  to  a  cork  made  tapering, 
til  rough  both  which  tubes  may  be  passed  and  secured,  as  in  Fig.  9,  for  intro* 
ducing  into  bottles  and  flasks. 


Barium,  Strontium,  and  Calcium.  Dr  Hare  has  recently  obtained,  by  an  im- 
proved process,  all  three  of  tliese  metals.  Saturated  solutions  of  the  chlorides 
were  substituted  for  moistened  oxides,  and  exposed  to  a  powerful  Voltaic  circuit,  in  con- 
tact with  mercury  as  a  cathode  ;  the  resulting  amalgams  were  distilled  by  means  of  vcsimIs 
of  iron.  The  avidity  of  the  metals  for  oxygen  was  such,  that,  to  see  their  bright  metallic 
■arfaccs,  it  was  necessary  for  the  eye  to  follow  closely  the  movements  of  the  file  or  Ruf- 
niaher.  They  were  brittle,  and  much  harder  than  potassium  or  sodium.  See  Amer,  Jour. 
Oct.,  1839.  f 


^  On  one  occasion  when  the  apparatus  was  not  touched  till  36  hours  aAer  the  firs  had  been 
ithdrawn,  on  tapping  the  ^un-harrel  to  remove  it  more  easily,  the  whole  of  the  ftlass  tube  was 
broken  to  pieces  so  excessively  small  that  oo  trace  of  it  could  he  found ;  a  peculiar  detonating 
compouad  indeed  is  formed  within  the  tube,  small  quantities  of  which  wert  foaod  in  almost 
ererv  part  of  the  room,  and  exploded  with  very  hitle  friction.    Keid. 
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Absorption  of  Gases  hy  Charcoal. 

I 

\ 

SaaMire  found  that  charcoAi  prepared  firom  box-wood  abeorbs  daring  the  spac*  of  24 
36  bouri,  of 

Ammoniacal  gas,  ,  .  .  ,  •  90  timet  ita  ? oL 

Hydrochlorio  acid,  •  ,  •  .  .85 

Sulpboroas        ......  65 

Sulphuretted  hydrogen,      •  .  •         .  •      81  (Henry.) 

Nitrous  Oxide,  .....  40 

Carbonic  acid  •  .  .  .  .35^ 

Olefiant  gas^      ......  35 

Carbonic  oxide,.      ......        9.42 

Oxygen,        ' 9.25 

Nitrogen,    ..»»...        7.5 
Hydrogan»        •  »  .  •  •  .  1.7^ 


GENERAL   INDEX. 


ABB 


ACI 


mREVlATION of  ifmboh,  86 

r<0#t««  877 

rtel.  447^468 

itelt  ^  alumina,  880 

amocMiia,  878 

copper,  879 

iroo,  878 

iMMl,879 

liM,878 

■MTwry^  879 

■oipliia,  488 

potMM,  878 

tin,  8T8 

line,  878 
ttUmeid,  976 

procared*  876 

oy  pbtinnn,  377    (m*) 

Irani  wood,  878 

gincial,  877 

propertiM  of,  878 

theory  oflte  fommtioe,  489 


ii#ii«,466    (n) 

wimma  m€id,9K 

fcimenution,  489 
(My,  oxyfM  aol  eieenUnl  to,  128 
ld»t  eonuining  nitrogen,  881 

oxyfen,  notion  of,  122 


ixnd,  882 


by  driorioe,  122 
■kydrognn,  122 


irna  ■etnli,J25 
tnnninolofy  of,  108 
mntnlR  oudfaMd  by,  122 
otfy.880 

trinefer  of,  by  nltmDiioi,  97 
vBgnHUNe,  OTiv 
ill;  ncniic  878-489 
nflnloM,97« 
iMifcydic,  447    (n) 


Aeidi  nioxanic,  426 

allhionic,  891—464 

antiiAoaic,  287 

aatimoniou*,  2S6 

apocrenic,  S94 

araenic,  276 

aneoioiM,  272 

axulmic,  891 

bensoic,  881 

boracic,  176 

broniic,-204 

carbonic,  168 

—^quantity  prodneed  byraqrfmtiony 

caopliovinic,  464 
carbatotic,  892 
chloric,  192 
chloriodic,  201     (n) 
chlorocarbonic,  196    (a) 
chlorooitrout,  196    (n) 
cbolic,  001 
chromic,  279 
cinnantomic,  882    (n) 
citric,  883 
columbic,  286 
crenic,  894 
crooonic,  378 
cyanic,  898 
cyanilic,  422 
cyanuric,  403 
etythric,  tee  ^/Iojmm,  428 
eeculic,882    (n) 
etbionic,  896 
flooboric,  207 
fluofilicic,  208 
formo-bensoilic,  896 
-compoaition  of. 


formic,  878 
fuhninic,  401 


*(n)  ligoidet  NOf«. 


ACI 
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ALB 


Acid,  ffaltict  887 

nydro-hromic,  208 

liydrio^ic,  198 

hydro-chloric,  184 

bydro'cyanic,  405 

— — -  nydroiw,  406 

hydro-ferrid  cyanic,  417 

hydro-ferrocyiinic,  412 

hydro-flaorid,  205 

hydro-oleic,  881 

hydro-selenic,  217 

hydro-sulphoric,  214 

hydro-telluric,  293  (o) 

hypo-chlorous,  189 

hypo-nitrous,  145 

hydro-«ulphooyanic,  420 

hypo-phosphorous,  172 

hypo-sulpho-iodigotic,  895—457    (d) 

hypo-sulphuric,  168 

hypo-sulphnrous,  168 

indigotic,  892 

iodic.  200 

kinic,888 

lactic,  880—503  ^ 

liihie,  504 

inalic,  882 

margaric,  891 
meconic,  886 

insHitic,  875 

roesoxalic,  427 

nietaphosphoric,  174 

molybdic,  282 

monox^lic 

muriatic,  184, 188 

roykoroelioic,  427 

napluhalic,  381     (o)     480    (n) 

niuic,  147 

— —  process  for,  148  (n) 

nitro-hydrochloric,  188 

nitro-sulphuric,  829,  887    (n)' 

nitrous,  146 

oleic,  991 

osmic,  819 

oxalic,  869 

oxalovinic,  454 

oxaluric,  428 

oxyrouriatic,  see  Chlorine 

parabanic,  428 

pectic,  893 

perchloric,  193 

periodic,  201    (n) 

permanganic,  254 

phosphoric,  173 

— — >  glacial,  175 

photplkorous,  178 

phosphovinic,  895    (n) — 454 

pinic,  464 

pnissie,  405 

purpuric ,  433 — 604 

pyrogallic,  887 

pyroTigneunt,  876 

pyrophosphoric,  174 

raoemovinic,  454 

rhodisonic,  373 

eelenic,  180 


Aeidf  seleoions,  180 

silicic,  177 

siliei-fluoric,  209 

silico-hydrofluoric,  861 

sorbic,  see  Maiie,  882 

stearic,  390, 391 

suberic,  881     (n) 

succinic,  875— -466 

sulpho-cetic,  448 

sulphoH>leic,  391 

sulpho«lndifotie» 

sulpho-napntbalie,'  396 

sulphur,  855 

sulphuric,  165 

sulphurous,  163 

silvic,  464 

tannic,  388 

tartaric,  883 

tartruvinic,  454 

telluric,  294    (n) 

telluroos,  293 

ihionuric,  429 

titanic,  292 

transfer  of,  by  gmlraaiMii,  97 

tungstic,  ^8 

uramilic,  480 

uric,  423—504 

vanadic,  281 
AetioUf  chemical,  14 
Adipoeertf  492 
Aeriform  bodiea,  see  Gm»em 

condnctinf  power  of,  65 

expansion  of,  41 

matter,  its  power  of 
tion,  82 
Affinity,  chemical,  13 

results  of,  13 

of  aggregation,  2 

elective,  11 

inferred,  17 

single,  17 

Ubies  of,  18 

influenced,  19 
measured,  28 

AgUationt  its  efieet*  17 

Air,  effect  of  respiration  on»  ^8 

atmospheric,  136 

analysis  of,  18S 

an  electrode,  99 

composition  of,  137,  139 
uniformity  of,  139 


(•) 


compression  ol  eroHr 

Dalton*8  theory,  140 

Graham's  experimeate,  |40 

necessary  to  ferm* 

properties  of,  136 

pump,  137 

purity  cstioiated,  137 

thermometer,  46 
Alabatter,  325 
^/6tttNen,antidote  to 

animal,  492 

liquid,  493 

solid.  498 

vegetable,  474 


AlfM 
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ANT 


(n) 


AtekotUtt,  444 
AUokol,  441 

KbMlute,  442 
Alcohol,  action  of  plaiiirom  oo,  877    (d) 
compotition  of,  446 
of  sulphur,  220 
•trength  of  atcertaioed,  448 
otet,  443 

in  win«,  table  of»  445 
Aldtk^de,  446 

ita  eoiDpotitioD,  447 
rcfin,  447 
Algarotk,  powder  of,  286 
Aliali,  Tolatile,  206 
AlkalU$,  104,  22S     , 
metallic  bates  of, 
Tegetnble.  282—484 
Alkaligtnoui  tntiaU^  22S 
Alkaline  tarth*^  228 
Alkalitniter,  158 
AllanUt,  289 
Allantoin,  425 
Alloy;  S27 

characters  of,  224 
formed,  224    (o) 

qoalities  of  the  raeub  alterad  lo,  228 
Alloxan^  425 
Altoxanic  add^  426 
Alhxantin,  490 
AlmondB,  485 

bitter,  oil  of,  468 
AUkionic  acid,  894—454 
Alum,SaO 

impurities  in,  247    (o) 
chrome,  881 
iron,  881 
magnanese,  881 
Alumina,  247 

acetate  of,  380 
in  blood,  496 
obuined,  247 
puri6ed,  247    (n) 
properties  of,  247 

quantity  of  water  uken  ap  by ,248  [o] 
recognised,  248 
sulphates  of,  326 
Almwnnium,  247 

sesquichloride  of,  248 
-^  process  for,  248 
sesquioxide  of,  247 
AHxttrin,A6S    (o) 
AmalgamM,  807 
Amber,  466 

acid  of,  875 
Ambergris,  502 
Awiidee,  theory  of,  864 

signification  of  ttw  ttnn,  467 
Amidet,  8S4 
Amidin,  472 
AmmeKd,  WS 
AmmeHn,  XH 
Ammonia,  208 

preparation  of,  206 
acetate  of,  378 


Ammonia,  anomafcHM  cranate  of,  898 

bicarbonate  of,  850 

action  of  chlorine  oo,  210 

action  on  oxalic  etlier,  467    (a) 

analysis  of,  210 

benzoate  of,  882 

basic  cyanate  of,  899 

carbonate  of,  849 

carbo^sulphuret  of,  857 

chlorides  with,  SS9 

cleaning  gold  by,  296    (n) 

cy  a  nates  of,  399, 

hydrochlorate  of,  858 

native,  354 

hydrocyanate  of,  409 

hydrofluate  of,  354 

bydrosulphate  of,  854 

inflamed  with  oxygen,  209 

metallization  €»(,  807 

muriate  of,  858 

nitrate  of.  885 

oxalate  of,  871 

phosphate  of,  and  magnesia,  844 

purpurate  of,  see  Murexid,  431 

sub^rbonate  of,  360 

sulphate  of,  323 

urate  of,  605 

water  of,  210 
Ammonia-aldehyde,  446 
^mtNoaMc  Sal,  353 
Ammoniacal  §alt$  recognized,  858 
Ammonia  and  magnetia,  pbeepbate  of,  844 
^mmoatum,  209 

bicarbonate  of  oxide  of,  850 

cyunuret  of,  409 

ferrocyanaret  of,  413 

nitrate  of  oxide  of,  335 

sesqoicarbonate  of  oxide  of,  850 

sulphate  of  oxide  of,  828 
Amygdalin,  475     (n) 
Amylaeeout  substances,  471 
Amylin,  472 
Analytie,  defined,  86 

proximate,  87 

of  light,  74 
AnhydHte,  325 
ulntma/ carbon,  152—481 

heat,  498 

^—  theories'of,  490 

substances,  490 

contain  nitro^,  490 

-^—  proximate  principlee  of,490 
»— *  potre&ction  of,  491 

effect  of  beat  upon  ,491 

Animah,  effect  of  narcotinn  upon,  487 
^nnsaftng',  178 
Animal  heat,  494 
^ntons,  defined,  96 
Anotta,  458 
Anode,  defined,  98 
Antimonial  powder,  286 
Aniitnonic  acid,  287 
Antimomio-oulpkureiM,  858 
AnUmoniouM  acid,  286 


ATO 
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Antimony,  285 

alloys  of,  288 

butter  of,  287 

chloriden  of,  287 

detected,  286 

distinguished  from  artenie,  276 

glass  of,  287 

golden  sulphuret  of,  288 

Ignited,  detonates  with  vapour*    25 

salts  of,  286 

sulphurets  of,  287 

tartarized,  286 
Antueptics,  491 
Antt,  acid  from,  378 

Appeff  •  meihod  of  preserving  ■ieat,&c«491 
Apocrenic  acid,  Sd4 
Apparatut,  chemical,  106, 115 

for  freezing,  53    (o) 

Nooth's,  154    (d) 

for  liquefying  carbonic  acid*  aee  in* 
dex  to  apparatui 
Aqua  Ammonia,  210 

fortis,  151 

rcigia,  188,  854 
Arabin,  473 
^r6or  Diana  1 310 

Saturni,  299 
Argol,  384 
Arrow-root,  472 
Arteniatei,  345 
Artmic,  271 

acid,  275 

obtained,  271 

alloys  of,  277 

chlorides  of,  275 

delected,  2T3 

properties  of,  272 

oxide  of,  272 

persulphuret  of,  357 

sesquichioride  of,  275 

solution  of,  Fowler's,  345 

tests  of,  273 
ArseniO'tulphurett,  357 
Arteniout  acid,  272 

action  of  galvanism  on,  275    [o] 

solubility,  272 

solution  made,  278    [n] 
Artenites,  345 

Arteniuretted  hydrogen,  276 
Arterialixation,  498 
Aibolin,  481 
Atpkaltum,  477 
Astay,  see  Oold  and  Silver. 
Atmotpherie  air,  136 

composition  of,  139 

contains  carbonic  acid,  140 

Dalton's  theory  of,  140 

weight  of,  137 
Atomic  theory,  80 

weights,  80 
Atame,  defined  2,  28 

elementary,  2 

figure  of,  81 
Aiome,  organic,  862 

use  of  the  term,  80 


Atropa  belladonnmi^M 
alkali  of,t484 

Attraction,  2 

conti^oons,  2 
chemical,  8 
heterogeneous,  IS 
results  of,  18 

AurO'Chloridee,  856 

Auric  acid,  318 

Aurum  mueivum  268 

Azote,  185 

oxide  of,  141 

Azotic  gae,  185 

Azulmic  acid,  891 


BACHE*8  apparatns*  M    (a) 
Baldwin'e  pkoephorua,  77    (b) 
Balloone,  124 
Baleamt,  464 

Balsam  of  Canada,  464    (b) 

of  Peru,  465 

of  Tolu,  465  (a> 
Barilla,  848 

parity  of  aacertaiqed,  %4B    (a) 
Barium,  237 

chloride  of,  239 

peroxide,  use  of,  184 

protosulphuret  of,  29" 

nydrosttlphuret,  806 

peroxide,  289 

properties,  237 

protoxide,  238 
Bark,  482 
Baryta,  238 

carbonate,  850 

chlorate  of,  340 

hydrate,  233 

properties,  238 

pure  obtained,  824 

sulphate,  323 

sulpho-naphthalate,  8B6     (a) 

test  of  sulphuric  acid,  168 
of  carbonic  acid. 


Baeee,  104 
Basic  water,  5 

cyanate  of  ammonia, 
Baeit  in  dyeing,  456 
Baetorin,  474 
Battery,  voltaic,  91 
Batteley'e  sedative  liquor,  440    (a) 
Bear-berry,  acid  from,  388 
Beer,  487 
Beet'Wax,  460 
Beet-eugar,  469 
Benzamide,  864^468 
Benzoate  of  ammonia,  382 
Benzoic  acid^  381 

sublimation  of,  882 
Benzoyl,  theory  of,  865 

compounds  of,  468 

Eroperties  of,  468 
'.,  881    (n) 
BirthoUU*e  views,  28 
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Btrxekm,  kb  mbob,  85 

tbeorj  orcoroboatioB,  121 
Biearkonati  ofpotaam,  348 

ffoda,  Zi9 

oxide  of  amiDoninio,  S60 
JNMr6«r#l  •fnitroien,  219 
Bi-ekioride  of  mercttry^  304 
Bi-eAroma/«  of  pot— a^  &46 
Bi-cyanurel  of  mercury ,  411  ^ 

Bt/#,  500 

J9iliarv  ca/«»/i,  501 
Biniodide  of  mercury,  806 
Bimaxalate  ofpotaaea,  871 
Btnoxtdf  of  hydrogen,  184 

nilrogen,  148 
Bimdphate  ofpota9ea,  322 
•AiMNtfA,  properiiet  of,  290 

chloride,  291 

magiatery,  291 

oxide,  291 

Mtqaioxide,  291 
Bi-nUpkurei  of  carbon,  229 

apptwattu  for,  221    (o) 
Biimrtrme  t^footaeea,  384 
Bitter  almonde.  oil  ol\ 

hydret  of  bentoyto,  468 
ilil/«m,  208 
Block  dye;  457 

flux,  271    (D> 

lead,  261 
Black,  Dt,  hia  thoory  ofmnimal  beat,  499 
Bleaching,  182 

powder,  248 

aatmy  of,  248    (n) 

Bladdere  for  gaaciy  107 
Bleeding,  efleet  of,  49« 
Blood,  494 

boffy  ooat  of,  499 

ooagulatioB  of,  496 

accelerated,  495 

colouring  matter  of,  496 

eoaipoaiiioa  of,  495 

abaorbe  oxygen,  119,  498 

effect  of  chlorine  on,  496 

— •  oxygen,  496 

of  diteates  on,  499 

peculiar  principle  in,  496 

■enini  of,  497 
Blow-pipe  compound,  127, 128 

Brooke's,  128 
Bhu-^yee,  457 

Bodice,  aute  of  inflatoced  by  beat,  37 
Boiling  point,  55 

— —  milueaced  by  prtitare  56 

^—  of  mercury,  55 

^—  of  water,  301 
Bologna  nkoepkome,  828 
Bone,  493 

compoeitioB  of,  494 

effect  of  beat  on,  494 

pboaphate  of  lime,  844    (n) 
BoraeU  add,  obuaaed,  176 

native,  179 

propertiei,  176 

witb  6iioriM»  297 


Boratee,  816 

Borax,  347 

Borqfiuoridee,  861 

Boron,  175 

lerchloride,  195    (n) 

Boyle**  fuming  Hqnor,  854 

Brande^M  experimenteon  wines,  ftc.,  444 

Brandy,  488 

Brain,  494 

Brae*,  297 

Brazil  vtood,  458    (n) 

Brohxine,  202 

and  hydrogen,  208 

action  on  combustibles,  208 

on  metals,  226 

delected,  202 
obiainrd,  202 
propertipi,  208 

Bromic  add,  204 
ether,  452 
Bromide*,  205    (n) 
Bromoform,  448    (n) 
Bronze,  297 
Brooke'*  blow-pipe,  128 
Bruda,  437 
Buckthorn  berriee,  486 
Buffy  coat  of  tbe  bkiod,  499 
Bulbs,  488 
Butter,  501 
Butyrine,  601 
*  Brunewick  green,  859 

C^^£u46£,  infusion  of,  14    (n> 
Cadmium,  264 

oxide,  265    (n) 

properties,  264 

sulphoret,  265    (n) 
Coj^Wn,  486 
Ca/oim>i«,263 
Caldnation,  225 
Caldum,  219 

bromide,  244    (n) 

chloride,  213 

fluoride,  S05 

pbosphuret,  2M 

process  for,  218    (a)    244    {m} 

protoxide,  241 
Calcub,  biliary,  501 

urinary,  505 

varieties  of,  505 
Calico-printing,  456 
Calomel,  803 

process  for,  SOS    (n) 
Caloric,  absorption  of,  69 

during  evaporation,  61 

liooefaction,  51 

soiotioB,  52 

capacity  for, '48 

apparatus  ibr  illoftratinf ,  48 

cause  of  vapour,  54 

combined,  50 

conducting  power  of  bodiaa  for,  68 

of  liquids  and  gaMi,  64, 65 

conductors  of,  68 

coafiaad  air  a  bad  coDdvelor  of,  64 


CAR 
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GEE 


Cala/ICf  definit'iaiM  of»  87 


Hare's  apparatiie,  64 
Rumrord  8  experii 


% 


experin^nU,  63,  65 
evolved  b^  iacrease  of  deoslty,  60—53 
.         during  BcparatiuB  of  salts,  51 
^— ^ —  U>e  condeniiatioD  of  vapour ,61 
~—  by  mechaoical  pressure,  50 
expands  bodies,  38 
expansion  of  air  by,  41 

liquids,  89 

■  mercury,  40 

solids,  38 

•  water,  41  V' 
general  obf>ervatiens  on,  87 
influences  the  state  of  bodies*  60 
.  influenced  by  surface,  66 
Bache's  apparatus  ibr. illustrat- 
ing, 66    (p) 
latent,  50 

of  steam,  68  ,^     '  *i 

made  sensible,  53 

apparatus'fpr  illuf^iitio^,  56 

Melloni*s  esptft'iOBeoUv'^ 
nature  of,  71 
peculiar  effect  of,  42 

*  polarisation  of,70         , 
radiatioo  of,  506     ^ 

tlwories  of,  1§ 

reflection  o(^67    ..  « 

Ptcan's  expiirioaents,  68 . 

iradiant,  65'"  .  ■     ^  \ 

7-.  aeosliJe  made  Jatent,  57 
sources  of,  71  ^ 

'     specific,  48 

'  of  gases,  49 

Stark's  experiioeiHSf  67 
Oaton'mefer,  48 
Caiorimotor,  Hare's,  89 
Camphogene^  463 
Camphorty  463 

*  common,  463 
Camphront,  463 
Camphovinic  acid,  454 


Canada  baltam,  464    fn) 

IS,  77 


(») 


Canton* i  phosphoru 
CaoutehouCt  475 
Caoutchtne,  476    (n) 
Capatiiy  for  calorie,  48 
Ccpnomor,  479 
Carhazotic  acid,  392 

obtained,  392 

saks  of,  892 
Carbon,  151 

bisulphuret  of,  220 

process  for,  220 


■  a  sulpbur-acid,  221 

bromido  of,  205    (n) 
ftombustion  of,  161 
4iich1oride,  195     (n) 
and  hydrogen,  211 
hydroguret  of,  214 
and  iron,  227 
and  nilMen,  219 
perebloride  o(,  194 
periodide  of,  tOt    <•) 


(B) 


Carbon,  proto-cbloride  oG  194    {m) 

and  sulphor,  220 

quantity  produced  by  reapirmii— ,  48 

varieties  of,  15C 
CarbonattB,  character*  of,  347 
Carbo-tulphuret  of  bydroaalpbata  of  MMi 

nia,  857 
Carbonatet,  double,  353 
Carbonate  of  ammonia,  349 

baryta,  350 

copper,  862 

iron,  352 

lime,  360 

magnesia,  361 

potaeaa^  347 

protoxide  o<  iron^3S2 

' of  leads  JVt 

soda,  348 

giroatia,  350 
tiarbonic  acid,  158 

absorbed  by  water,  155 

• ■    '     ■  quaoticjy  183    [aj 

■  by  Ume,  961 

apparatus  for  as4idif7iaf«  Sm  Plate 

composition  of»  158 
^         efl<fecto  on  vegetaiion*  157 

expelled  hy  bent,  351 

fatal  to  life,  155 

^aerated  in  combaalkm*  166 

liquefied  and  frosen,  157 

Hitcbell's  experiawou,  157    £•] 

procured,  153 
^      properties  of,  154 

a  product  of  respiratioB,  156,  408 

quantity  produced  by 

specific  gravity  of,  154 

tests  of,  156 

water  impregnated  with,  154 
Carbonic  Oxide,  154 

explodes  with  oxygen,  160 

processes  for,  159 

properties  of,  160 
Carbo-aulpkuret  ofpotoMmuim 

bydroaulphate  of 

Carburet,  103 

of  iron,  261 
Carburetted  hydrogen,  llgbt,  211 

action  of  chlorine  on,  212 

combustion  of,  212 

procured,  211 

properties  of,  212 

from  animal  bodies,  ^1 
Car< Animn,  458  (n) 
Caramel,  470 
Casiava,  472 
CatecuM  matter,  501 
Ca»9iut,  purple  of,  314 
Catt  iron,  261 
Cation$,  what,  9S 
^athartinu,  484 
Cathode,  what,  98 
Catutic,  lunar,  397 
Ck^riret,  479 
Ceraein,  474 
Cerin,  461 
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Cerium,  f89 

oxidtf,  289  * 

CeruliO'tulphaU  of  potaiM,  457 
Cerulin,  457 
CeruMt,  See  fVhiii  Uad 
Ckmnofcupt,  galvaoic,  90 
CkamtUon  mintralf  S54 
Charcoal,  152 

mbeorbinf  powtry   152—680 

moimml,  481 

cooducu  falvaoiMD,  95 

propertift,   152 

■poataneoof  comboftioo  of^  15^ 

See  Carbon. 
€Jh4Wucal  action,  15  « 

SrocDoted,  16 
iflueooed,  103^22 

eflectfl  of,  15 

MiuHeof.   14  •    ' 

atiraetion,  18 

how  exerted,  13 

—  modified,  19 

:  illustrated,  14, 16,  17 

energies  ofbodiet  ioflueiiced  by  light,74 

cqni?aleDt,  £5 
Ckcmical  i^mbott,  83—513  « 

table  of,  M 

formulM,  38 

Domeoclatarc,  102  « 

Ckewtittry,  defined,  1 

foundations  of,  I 

organic,  862 

inorganic,  118  ^ 

CktvreuVt  researchea  on  oibf  Ike.  460 
Ohio  tmrptntUu,  464    [n] 
Chloral,  448 

Chlorates,  charaeten  of,  339 
Chlorate  of  barvta,  840 

potassa,  839 

•oda.349    (n) 
Chloric  acid,  192 

ether,  452    [tt] 
Chloridee,  184,  225 

with  amnonia,  850 

of  gold,  314 

auro,  858- 

oxy,859 

E latino,  858 
ydrargo,  358 

rhodio.  859 

of  iodine,  201    [o] 

metallic,  226 

with  phoaphoretted  hjdrefMy  860 

▼arioue,  195    [a] 
Chloride  of  nitrogen,  193 

bromine,  2^    [n] 

ethyl,  451 

potaaiiom,  288 

xinc,268 
Chlorine,  180  < 

absorbed  by  water^  181  ^ 

action  on  ammonia,  210 

metals,  188 

cmrbarMlad-liydroitiV  ^^ 

antidote  to,  182    [•] 

68 


Chlorine,  actioa  on  okfiant  g«a,  214 

condensed,  184 

effect  of  lighten,  185 

detected,  184 

explosion  of,  184,  apparmtos  for»P/./l. 

with  ether,  450 

hydrate  of,  182 

nature  of,  195 

obtained,  181 

peroxide  of,  191 

supports  combustion,  182 

nnaltered  by  heat,  188 
'^    uses,  184 

weight.  182 

with  cyanogen,  419 

— ^—  hydrogen,  184 

meub,  225 

— ^-^  nitrogen,  198 

■      ■   ■  ontygen,  189 
..         phosphoms,  188 
'  — ^—  mercury,  188 

— _  tin,  in 
Chloriodic  A9ki,»l    Xn\ 
ChlorUet,  841 
Chlorcfonn^  448    [n1 
Chloro.earbofiU  Add,  196    [a] 
Chloro-nitroui  fof,  196    [a] 
Chlorophylkte,  168 
Chltroue  Acid,  191 

process  for,  192     ^  n 

Choah  dam,  156  '^  *  ^ 

ChoUra,  effect  of  on  tha  bli»d,  699      . 
CholetUHne,  jQl 
Cholic  acid,  M 
Chrieiiton^e  toperimeots  on  alcohol,  44i 

uble  of  strength  of  wiaM,^445 
Chromatet,  characters  of.  845 
Chromatt  of  iron,  277—846 

acid  firom,  279 

lead,  346  ^ 

potassa,  346 

sine,  346    [a] 
Chrome  alums,  331 
Chromic  acid,  279 
Chromium,  277 

chlorides,  280 

oxides,  278 

perfluoride,  280 
Chromule,  458 
ChromuHte,  458 
Chyle.  501 
Cinchona,  Tmrietiet  of»  483 

acid  in,  388 
CincAoma,  485  •      • 

Cinnabar,  90S  « 

factitious,  306 

manofactnra  of,  806    [a] 

native,  807 
CinnmnomU  add,  382     [a] 
Circlet,  voltaic,  8t 
CtlMtfi,  486 
Citric  acid,  pr^ttm  for,  388 

from  curraatSt  08        • 
Clot  hing  tub$tanoe9/oou4mctmg  powur  6i;68 
Com$Mlaiiom  oCMMd»  496 


r 
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Coal,  gas  from,  212—480 

distillation  of,  480 

mines,  fire  damp  of,  212 
Coating  of  veneli.lOS    [n] 
Cobalt,  obtained,  2G8 

alloys.  270 

chloride,  269 

oxide,  269 

properties,  269 
Cobaltate  of  ammonia,  269  [n] 
Cocoa-nut  oil,  460 
Codeia,  440 

Coffee,  analysis  of,  485  * 

Cohesion,  2 

diminished,  19 
Cokt,  133 

Colehieum  autumnale,  437 
Colcothar,  827 
Cold,  artificial  produced,  61,  60 

by  rarefaction  of  air,  dO      «  "*, 

by  carbonic  acid,  168    [a] 

by  ether,  460 

tables  of  mixtures  (off  61  -^ 

Coloeynthin,  4d6 
Coloetfnth,  486 
Colophon,  464 
Colouring  mattert,  466    • 
Colouring  migtter  of  flowers,  484 

of  fruits,  486  * 

of  Mood,  416 
Colmtrt,  adjectiiA,  466  , 

Colour,  id  influence  on  absorptioa  ef  calor- 
ic, 69 

of  oilours,  60o 

CoUnwt,  theories  of,  74 

destroyed  by  chlorine,  182 

removed  by  carbon,  162 

substaniife,  466 
Columbie  acid,  286 
Cglumbium,  284 

acid  of,  286 

oxide  of,  285 

obtained,  284 

same  as  tantalum,  284 
Combination,  laws  of,  2^ 

accounted  for,  24 
Csin6tnin^  proportion,  26 
Combustion,  121 

Berzelius'  theory  121 

Lavoisiers'  theory,  121 

in  oxygen  gas,  120 

increases  the  weight  of  bodies,  121 

of  alcohol,  448 
Compounds  of  many  proportions,  24 
Compound  voltaic  circles,  91 

radicals,  3G7 
Compound  blow  pipe,  607 
Conduetor9,i^  caloric,  68,629 
Cong's/oiton,  artificial,  60 
Conicina,  484 
Conium  maculatum,  484 
Consft/tt/iona/  water,  6 
Contiguous  attraction,  Z 
CmUraetionfrom  heat,  42 
Cooling,  rate  of,  Tnried  by  lorface,  66 


Copaiva,  464 

adulteration  of  detected,  465 
Copal,  465 

solution  of,  465 
Coppsr,  acetate  of,  379 

alloys  of,  297 

cleaning  of,  296     [n) 

chloride*,  296 

combination  with  am 

di-carbonate,  S52 

efliect  of  gaWanisin  on,  96 

• heat  on,  294    , 

.  ores  of,  294 

oxychloride,  359 

platef ,  preservation  of,  298    (a] 

properties,  294 

scales,  328     [nf 

sulphate  of  oxi<Ms  of, 

^ulphurets,  296 

whitened  by  arsenic,  275.  (a) 
Copperas,  826 
Cork,  488 

Com  poppy,  petab  of,  485 
Corrosive  sublimat€,  804 

antidote  to,  305 
JCortical  layers,  482 
Cra»samentum,4S6 
Cotton,  488 

Qrawford^s  experimenU,  68 
Crosse*s  experiments,  9^ 
Croton  oil,  4^ 
Cream,  601 
Oream  of  tartar,  384 
Crenic  acid,  894 
Creosote,  478 
Croconic  acid.  373 
Crocus  of  antimony,  287 
Crude  tartar,  384 
Cryophorus,  61     (n) 
Crystallization,  agency  of  oobesioa,  29 

conditions  for,  3 

connexion  of  with  chemictry,  13 

influence  of  light  npon,  7 

laws  of,  9 

promoted,  6 

sygrems  of,  10 

theories  of,  7 

water  of,  6 
Crystallized  tin,  266     [n] 
Crystals,  axes  of,  9 

large  forms  of  obtmioed,  6 

from  fusion.  4 
Cupellation,  308      [qI 
Cuticle,  494 

Currants,  acid  from,  383 
Cyanates  of  ammonia,  889 

anomalous.  399 

basic,  399 
Cyanic  add,  898 

properties  of,  399 
Cyajiodide  of  Etkyle,  452  (n) 
Cyanogen,  219 

analysis  of,  220 

compounds  of»  896 

obtained,  219 
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Cytatogen^  propertief,  220 
aod  hydro^n,  406 
and  iroa,  coropotindg  of,  412 

iodine,  419 

oxygen,  3118 
Cyammrff*,  404 

CyanureUf  double,  of  metal*,  412 
CymtureU  ofHinnioniuni,  409 
■         potawium,  409 


•iron,  410 
-palittdium,  411 
-•ilver,  411 


Cyamtric  add^  403 

radical  of,  398 
CytHc  oxide,  483 

D ALTON,  hit  theory  af atoms,  29 

^—-'  of elemenUi,  81  (n) 
of  the  atmotphere,  140 

J>aguerre,  hit  inTention,  507 

DaniiCt  experiment*,  8 

I>tcompontion,  18 

by  electro-mnfuetism,  102 

—  galvanism,  96 
Decrepitation,  6 
Defiai-ratiom,  225 
Dfflagrator,  Hare's,  91 
Jieiitpteicence,  5 

Davy,  his  galvanic  experiments, 96 

—  list  of  voltaic  circles,  87     [n] 

—  protector,  87 

—  safely  lamp,  78 

—  theory  of  galvanism,  101 

—  theory  of  chlorine,  186 
Deiphinia,  iTI     (n) 

De  Lue'ieohimnM,92 
Dennty,  inuximtim  of  water,  48 
Deoxidation,  122 
Deoxidizing  ray§,  75 

lulMtances,  their  actios  on  indigo,457 
Dextrine,  510 
Dephlogisticated  air,  118 

nitrons  air,  141 

Detonating  powden,  940, 402 
Deutocarbohydrogen,  474    [n] 

its  relation  to  mldehyden,447     (n) 
Dew,  (i2 

point,  r>S 
Diagrams,  19 
Diamond,  pure  carbon,  151 

combustion  of,  161 
JDiVA/oTM^f  of  carbon,  195    [n] 

sulphur,  195    [n] 
Differential  thermometer;  46 

Diff%uion  of  gaseg,  Mitchel1*8  exp'ts  on,497 
DiffuMiveneuM  ofgaseg,  140 
Dilatation  of  air,  41 
Dipper 9  oil,  41)1,602 
Diseased  blood,  499 
Dimnfeeting  Kqmd,  349    [n] 
Distillation,  1;52 

destructive,  368 

of  veKetmbleSy  477 

DuHlled  water,  162  i 

Dobereiner*B  lampt  126 


Double  elective  affiniiy,  17 

cnrbonates,  353 

fluorides,  361 

iodides,  360 

sulphates,  330 
Dragon's  blood,  465 
Drummond*s  light,  76 
Ductile  metals,  228 

Dumas*  process  for  carbon  ie  txide^  169 
Dutch  gold,  297 
Duirochet,  experiments  of,  497 
Dymng,  456 
Z^fs,  black,    457 

blue,  457 

red,  456 

with  indigo,  458 

EARTHS,  alkaline,  S28 

bases  of,  228, 237 
EbuUition,  5S 
Efflorescence,  5 

effects  of,  21 
Effluvia  of  putrescent  snfaataocef ,  492 
Elaine,  460 

Elastic  gum,  see  Caoutchouc,  476 
Elaierium,  486 
Elasticity,  effects  of,  21 

increased  by  liMit,  21 

influences  results,  22 
Elatin,  485 
Elective  qfflnity,  17 
Electricity,  79 

and  galtanism,  identity  of,  96 

action  on  ammonia,  2€^ 

— — >^—  on  albumen,  493 

by  induction,  81 

F^arnday's  theory  of,  81 

nature  of,  94 

quantity  and  intensity,  94 

sources  of,  8i 

theories  of,  79,  81 

▼ollaic,  86 
Electrical  battery,  84 
Electro-chemical  eijuivalents  100, 

decomposition,  101 
Faraday's  thoory  of,  101 
Electrodes,  98 
Electrolytes,  only  excite,  99 
Electrolytic  action,  99 . 
Electrolyze,  98 
Electromagnetism,  102 
Electrometer,  80 

yolta\  100    (n) 

Electrophorus,  84 
Electro-positive  bodies,  lOl    . 

negative,  101 
ErUkrogtm,  49t 
Bthylid%  cf  pota^siium,  610 
Elements,  chemical,  37 
Emetic  tartar,  385 
Emmets  process  foribrayo  acid,  874 
Emeiina,iS7    [n] 
EmuUin,  475 
EHquation,  909  [n]  300 
Enamel^  178    (n) 
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Ewiotmou^  487 
dSpvom  fsttf ,  3S5 
EquioalenUt  chemieal,  26 

^compounds,  26 

detennined,  28 

tlcctro-cheiaical,  100 
«    oMf  of,  28 
£ryfArtn,465 
Srvthrogen,  497 
l^Aa/,448 
.EfAvfe,  609 
£%/,  461 

chloride  of,  461 

cyanodide  of,  462    (n) 

■ttlpharet  of,  462 
mhir,448 

•olpharic,  448  ^ 

purificaiioo  of,  449 

Pbilip*t  riroceM  for,  449    (n) 

prodactioii  of  cold  by,  67 

explodes  with  oxygen  ^nd  with  chlo- 
KlDe,460 

aetHM  on  oxidee,  461  ^ 

beM  of,  461 

hvfirodbtbrie,  461 

oll|ie,468 

oxnllc,  468 

cenantbie,  464 . 

Ikialic,  462 

hydro<^anie,  46|^) 

•alphobydrie,  401    (d)  * 

eblorie,462    (n) 

iodic,  462 

■alphoeyanic,  462 
Eikirt,  theory  of,  866 
EthercicaUUe  cf  poUuta,  468    (n) 
EtkionU  acid,  Z95 
Stheroxamidet  468 
JBtldop'*  mimeral,  807 
JSwikiorin§^  189 
JButUometry,  IVI 

Gay  Lome's  method»  146    (n) 

SV<A'AM«i^       197 

Doebereiner*!,  189 

Prieetley*t,  189 

Ure't,  iS8  (m) 

Volte's,  13i     . 
J^QNon,  476— 477 
Mvtgwratian,  4, 67 
J^xoemoss,  497 


of  air,  rate  of,  42    (a) 
EttraeHmit  477 
Sxiraekm  Satmit,  879' 


PARANA  F,  hif  experidinU.^ 

—  electrical  iBTempiiioBSffl 

—  indttctoaecer,  81 
■  "  new  terms,  99 

I^Mory,  81, 82,  lil 

—  fDlta-electrometer,  100  (a) 


inlStken,  494 
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FermentaUon,  487 

aoetoQs,  487—489 

panary,  490 

vinous,  487 
Fermented  liquorg,  streBgUi  oC  444. 
Ferro-cyanogen,  compouada  of,  4ls 
Ferro-eyamarett,  418 

decomposed  b^  beat,  418 

with  two  baste  inetala»  416    i 
Ferrocyanuret  oftunmon'iQm,  418 
nercmry,  416 
potasaium,  418 
potaasium  and  iroB,  41i 
fVfrin,4tlt 
Finery  cinder,  266 
Firedamp  of  mines,  212 
ftretoorkt  without  soieUy 
Fixed  ii^de,  982 

oih,  469 

effeet  of  air  on,  469 

spontaneous  oonabaaiioai  •f  488 
Flame,  what,  218 

light  and  beat  |&77 

tinffed  bf  aeleowin,  179 

red  and  greea,  886    (a) 
Ffour,  wheat,  471  ^ 

Flowert  oftulpkmr^  162 

colouring  matter  of,  484 
FhaidUy,  c4loric  of,  60 
J%fo6ortc  ad4<,  207 

obuined,  207 

properties,  207 
Fhddt,  imperfect  coadactora,  66 
Fhiorie  add,  see  Hydro-JimoHct  286 
FhumHde  acid,209 

singular  appearaaeat  806 
Fhwridet,  double,  861 
Fluoride  of  calciuni,  206 
/Tuortne,  206 

actiou  on  metalay  286 
/^Ttior  spar,  206 
Fiu2,  black,  271    (a) 

white,  883    (a 
/7y  DOUMler,  272 
ForbeM*t  experimeata,  70 

spark  from  awfaai,  108 
Formic  acid,  9n 
Formo-benzoiHc  add,  886 
Forme  of  crvsuls,  9 
Formulm,  chemical,  88»  618 

abbreviated,  86 

Fowler^e  solution,  846 

^Drgexing  aaxlarfs,  61 

apparatus  for,  68    (a) 

in  vacoo,  GO 

Leslie's  method,  60 

ofoiercnry,  68 

by  carboate  acad,  167 

by  ether,  450 

Freezing  and  baiHmgf  of 

460 
Frott,  62 

bearer,  61 
m^Hetion,  light  from,  77 
p  Jhnls,  486 
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1      FfrtUt.  Kidi  of,  466 

■ 

coauii  luiar,  486 

c».l.  480                                                      H 

colouring  .°M»r  of.  486 

diluting.  ISO                                                H 

n>te»MlAi«  KoM.  813 

■ 

■l.liouu.,3ia 

cvunogcn,  219                                           tl^ 

peoder,  334 

9 

■iWtr,310 

hydrioiiie  aetd,  198                                  * 

.                 nerAiry,   402 

hiilrDchloriiT  acid, 184 

J 

liydrogrn.  128 

■ 

/■w«i«i.  Ill 

Awrt.Wjrq/'urto^.ttJ 

projwrlio  of,  216                           . 

acli!u.  on  «*Mk.  216                    * _• 

—  »iL*or.  SIS                      IB 

liydro-iinrie,  827     |n)                              ^ 

I 

AflM.  *uwrj  of  cr).Ul.,  6. 

1 

aALJCTDT.  4(11 

hId,ol,lkr,c  .cW.  2118     «.) 

Co/Md. '2US 

nitric  umd'.  143 

Oo/toondota-iDikl,  SS7 

pfi.[*nlB«,  887 

nittoui  rtcid.  146 

niirou.  ..lide.  141 

prMiiiilatH  by,  S87 

CaJ/.,  887 

oil,  4S) 

Gafmmc  arrangrmrnU,  8S 

ol<'li»hi,  213 

l»it(ty,  89 

oxygen,  118 

fl«o'.,  W 

o.j...u.iai.c«id.    P«  t'*tori>ii  f«. 

fi 

p>l>,  M 

Irualb,  90 

praisKiOe  of  niirogca,  14 1 

1 

iieiiFnwni  of,  8S 

nleniuretled  Ilv4ra«n  317 

kikI  eleelriciy,  Idcnliiy  nf,  &1 

.nl|,hnroM  mU,  l«a 

lb»ri»  or.  ss 

Gat  J>>AK.  481 

J 

Ca«(«.  eq.>»kfli  H«hu  or,  S2 

Gag  Luum;    Ihtiiry.  31 

/J 

Bir.liu.UraQ«l,,i,oli.u....    146     |B) 

^ 

^M 

nH>.h,^<.r».i|,i.i»(.ne 

■ 

Irnntferring.llS 

Ofhli«,.  p,o,-.rh«  ol,  4BS                             |H 

■ 

qwiBlilioi  of  tlHorbed  by   walsr,  183 

•»>         493                                               ^H 

■ 

<">                .      , 

Cfurr'i  pofycVttt  mM,  3M                            ^H 

■ 

■  it<!  oul  Ibeir  bilenl  bcal  In  conprii- 

GJairw,  470     (n)                                                 ^^" 

PI 

UfoM,  178 

^ 

••on.SO 

ornntiiwinr.  Sal 

ciknbiled,  as 

orbor».S4T 

ueeifie  bMI  or  4B 

p..lti,  ITS     [n3 

■prcilkinitiiinor.32 

..china  on,  KNI 

-T^"  i~™  u»,.,u,  .1,. 

■•■mil  kworihtir  anion  by  <o1>-  3! 
dilTiHiM  or,   HilclwU'.  oiiii'u.  4>7 

trhIi,  nctrd  upnn,  118 

Gl^brt-tHll.     Sa  SulptiOtt  tf  loda. 

UkI  10  mis  lenilMr,  127 

lioMlicliMiBfTin 

■alMieauiM«f.lST 

GUuherili,  330 

aiucina.  •ncLlM.J  oroboinog,  34B 

MtolfTn,  lOT 

[Hi.pcrliB.,  i4fl 

J 

bat*.  lOT 
holder.  IIW 

Gh<rinn™.  248 

■ 

.«qoiotMcor.i:4S                                               - 

J 

Oat.  .bal.  IDS 

Ota*.  4»                                                              •  1 

H 

Ohitm.  m— 474 

^ 

GfuKn,  4TJS 

i 

Ha«i«,or  Biuotcn,  IS) 

Glsttr*i,  4TI 

1 

biaraidcoraiininD,  143 

a<>M,n.<iiini.iiityor,  stl 

■iiaja-r.sis 

1 

cblnriftw  ol,  814 

^J 

eariwiicoUdi.  ISO 

._..„ 

i 

» 

1 

1 
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Chtld,  oxidef  of,  818 

pore,  312--S14 

percyanuret  of,  412 

precipitanU  of,  814 

revival  of,  314 

■olution  in  ether,  31 4-— 451 

standard  uf  U.  S.,  815    (n) 

separated.  812—829  [n] 

cleaned,  296    (n) 

assay  of,  316 

powder,  316 

effect  of  galfanismoii,  96 

mosaic,  2b8 — 297    (n) 

Dutch,  297 

fineness  of,  316 

colour  destroyed,  815 

ductility  destroyed,  315 

analysis  of  alloys  of,  816 
Gootebemei,  acid  froin,898 
€hmomiter§,  8 
Graduated  vetteUt  107 
Graham*§  exptrimenU,  140 

on  alcohol,  412 
QmphUe,  261 
Gravely  urinary,  505 
Green  fire,  886    (n) 
Gregory^ 9  proceufor  kydrO'Chlorate  of 

morphia,  489    (n) 
GraviUUiant  2 
Gravity t  influence  of,  28 

specific,  eflfect  of  chemical  union  on,  16" 

of  ^ases,  82,  114, 116 

—^  of  solids,  115 

— —  of  powders,  115 

— —  of  liquids,  116 

water,  standard  of,  114 
Gum  rcstns,  466 — 482 

fetid,  466 

cathartic,  467 

wdative,  467 
Gums,  473 

Gtrnpowder,  composition  of,  384 
Chfpmim,  825 

HjEMA  TITE,  red,  267 
Hamatin,  458    (n) 
jaalfequioalenU,t6    - 
Hare^t  apparatos,  64 

blow  pipe,  127 

calorimotor,  89 

reservoir  for  hydro^n*  123 
Hair,  494 

Haloid  ealUy  105,  858 
/rass«f^a<z,  his  theory  of  animafheat,  499 
Hatiy*M  theory,  7 
Heat.     See  Caloric,  37 

animal,  498 

Black's  theory  of,  499 

of  flnme,  77 

guarded  against,  69 

nature  of,  71 

latent,  50 
,  and  cold,  sensations  of,  37 

operation  of  on  animal  bodies*  491 

polarised,  70 


Heat,  infloenoet  aflinitjy  ift- 

radiant,  65 

sources  of,  71 

specific,  48 

transfer  of  prevented,  64 

theories  of,  70 

Henry's  apparatus,  59    (n) 
Heevene,  476 
HelloVe  ink,  270     (n) 
Hemlock,  484 

Heterogeneous  attraction,  13 
Hireine,  502 
Hogs  lar^  502 
Homberg*J phosphorus,  242 

pyropborus,  330 
Honey,  471 

stone,  875 
Hoofs,  494 
•  Hops,  486 
"jford«n,473 
Horn  siher,  310 
Ifoms.  494 
Humus,  490 
Hydrate,  what**  183 

of  hypophosphorooa  ectd»  172 
H&driodates,  199 
Hydriodie  add,  198 

properties,  199 

decomposed,  199 

test  of,  200 

use,  200 
Hydrobromic  acid.  203 

process  fur^  204 

properties,  204 
Hydrocarburet,  211 
Hydrochlorate  of  ^ 

native,  854 
Hydrochloric  acid,  134 

process  for,  185,  187     (n) 

absorbed  by  water,  186 

apparatus  lor,  187     (o) 

composition,  189 

liquid,  187 

recognized,  189 

theory  of,  185 
Hydroeyanate  of  ammonia,  409 
Hydrocyanic  acid,  405 

with  metallic  oxides,  409 
Hydroferrocyanic  acid,  412 

'■■         and  metallic  oxides,  41 S 
Hydrcfluoric  acid,  205 

action  on  glass,  206 

on  metals,  207 

Hydrofluate  of  ammumia^  S&4 
Hydrojluates,  207 
Hydrofiuorides,  361 
Hydrometers,  443 

INDIAN  CORN,  sugar  of,  470 
Indigo,  457 
Indigogen,  457 
Intermediate  bodies,  441 
Ink,  indelible,  838,  new,  509 

printers',  459     (n) 
Insoluble  eyamarttt,  409 
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Auohtble,  ehlotwi,  448 
MuHn,  478       ^ 
Jodie  ether,  462 
Iodine,  nature  of,  196 

detection  of,  198 — 508 

in  tea  wntpr,  508 

oxide  ot,  200 

and  chlorine  201 

and  nitrogen,  201 

and  oxygen,  200 

and  pliofphorus,  198 

sourcet  of,  196 

te«t  o(,  198 
Mdduret9,  198 
lodous  acid,  200 
Mridium  320 
iron,  25(') 

alum,  831 

action  of  water  on,  256 

of  nitric  acid,  267     (n) 

of  Bulphuric  acid,  267 

acetnte  of,  378 
bitulpburet  of,  260 

black  oxide,  268 
carbonate  of  protoxide^  362 
carburettf  of,  261 
cnsi,  261 

combustion  of  in  oxygen,  120 
with  carbon,  227,  261 
chlorides,  258 
chromatc  of,  277 

acid  from,  27 

and  cyanogen  conatitutioo  of  the 
pounds  of,  412 

cyanuret  of,  410 

fluorides  of,  269     (n) 

gray.  261 

oxy chlorides  of,  859 

pliosphurets  of,  260     (n) 

pro|)erties,  256 

protioilide  of,  259 

protochloride  of,  258 

protoxide  of,  257 

sesquiferrocyanuret  of,  415 

process  for,  415 

sesquioxide  of,  257 

sesquichloride  of,  268 

senqu iodide  of»  259     (n) 

sulphate  of  protoxide,  326 

test  of,  389  ^ 

varieties  of,  261 
hingliUM.  493 
bomeric  bodiet^  36 
bomorphitm^  12 

advantages  of,  12 

JELL  Y  obtained  by  pectic  acid,  893 


Jackton,  his  lamp,    Stt  FrwUiwpieet, 


KELP,  848 
Kermes,  288 
King'i  yellow,  277 
ATtiMC  acid,  388 


LABARRAqUE'8  HqiUd,  9i9    (u) 
Lae,  466 

varieties  of,  their  oompositiona 466  (n) 
solvent  for,  464     (n)  * 

Lticcin^  466 
LactateM,  380 
Lactic  acid,  380—503 
Lactucarium,  467    (n) 
Lakei,  466 
Lamp,  safety,  78,  213 
aphlogistic,  78 
Jackson's,  120  (n) 
black,  481 
Lapis  lazuH,  coburing  matlar  of,  286    (■) 
LtUaniumt  320 
LiUent  heat,  50 

made  sensible,  63 
Lavoin€r*i  theory,  121 
LinoM  of  combination.  24 

advantage  of.  27 
Lead,  acetate  of,  379 

action  of  water  on,  298 
alloys  of,  SOO 

carbonate  of  protoxide,  352 
poisonous,  299     (n) 
chloride  of,  300 
detected,  299 
oxides  of.  298 
oxy chlorides  of,  359 
peroxide  of,  300 
prof >er  lies  of,  298 
purified,  298 
salts  of,  poisonous,  299 
solvent  of,  298 
'  subncetate  of,  879 
sugar  of,  379 
Leather,  389 
Legumin,  475    (n) 
Letlie*t  method  of  freexing,  60 

experiments  on  radiation,  66 
photometer,  76^ 
Isfucine,  492 
Leyden  jar,  83 

Libaciua,  fuming  liquid  of,  267 
LicHnnin,  473 

Liebig'9  compound  radicak,  867 
Light,  71 

analysis  of,  74 
chemical  eflects  of,  75 
roagnetical,  75 
dbuble  refraction  of,  73 
Druramond's,  76 
of  flame,  77 
•      influence  oo  vegetation,  76 
*from  percussion,  &e.,  77 
polarixalion  of,  73 
reflection  of,  72 
refraction  ot,  72 
Lignin,  473 
Lime,  acetate  of,  878 

bone  phosphate  of,  344      (n) 
carbonate  of,  850 
chloride  of,  248 
*  flaate  of',  206 
hydrate  of,  241 


MAN 
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MER 


•.» 


Limet  hydrodilor«te«  242 

light  of,  76 

milk  of,  241 

nitrate,  886 

oil  of,  242 

oxalate  of,  872 

phoflphates  of,  844 

phosphuret,  24i 

properties  of,  241 

solubility  of,  S41 

sulphate  of,  825 

test  of,  242 

water,  241 
Liqutfaction,  61 

of  gases,  117 

—  chloriae,  184 

— —  carbonic  acid,  167 

—^  apparatns  for,  PUUe  t 

Liquidtf  eapansion  of  by  beat,  39 

evolve  heat,  68 

manner  in  which  thty  conduct  beat, 
64 

spect6c  gravity  of,  116 
Ldquoriee  mgar,  471 
Ldthia,  discovery  of,  287 

distinguished,  287 

obtained,  287 
LUkie  acid,  604 
lAthium,281 

chloride  of,  287    (b) 

fluoride  of,  287    (n) 
IMmuMt  456 

Lixivium,  what,  197    [n] 
Logometrie  Kale,  618 
Locofoco  mgfchet,  171    [n]  st 

lAmar  cauatte,  8099  887 
iMpuUn,  4B$ 

MAGISTERYofbiitmah,  291 
Jfayimtfiim,  246 

chloridM  of,  il6 

hydrate,  246    [n]         "  ' 

'  protoxide  of,  246" 
■Magnena,  246  ^ 

calcined,  246     {n) 

carbonate  of,  246    (n) 

sulphate  of,  826 

adulteration  of,  326    (n) 

Magnente.  361 

Magnet,  SUetro,  102  « 

spark  from,  102  ^ 

decomposition  by,  102 
Magnetism,  Electro,  102 
Magnetizing  raye,  76  ^  • 

Maize,  formic  :«cid  from,  374 
MalackUe,Z^2 
Malic  acidy  882 

MaU,4&l  •  * 

Manganaii  ofpotoMM,  264 
Manganese,  251  *     » 

acids  of  with  potassa,  give  diArent 
colours  with  water,  264 

in'blood,  496  « 

alum,  331  ,  '  i" 

percbbride,  266 


Manganeae,  perfluoride,  Hf 

peroxide,  262 

uses  of,  253 

protochloride  of,  256    (n) 

protosolphuret  of*  266    (a) 

salts  of,  252 

red  oxide  of,  253 

compoaitioo,  26f 

Manganie  acid,  264 

Mampulation  with  tubes,  118 

Manna,  471 

MannUe,  471 

Maple  tugar,  469 

Marble,  168 

MareeVe  apparatus  for  boiliaf ,  M    (■) 

far  frf«siog,  67     (n) 

Margaric  acid,  891 

Margarine,  890-— 502 

Mar  eh' e  method  of  detecting  aneaae,  271 

Maeneot,  298 

Afas^,466 

solvent  for,  454    (n) 
Matckee  for  instantaneous  liflK,  171    (s) 
Matter,  quantity  of,  28 
Meawure  ofqffmUif,  23 
Meat,  preservation  of,  precesu  lor,  491  ( 
Mechameal  dioinon^  aavmntsifa  of,  16 
Meconatee,  887 
Meconia,  440 
Melam,  897 

converted  into  cyaaorie  acM,  Wl 
Melandn,  896 

combinations  of,  897 
MellUe,  875 
MelUtie  acid,  876 
Mellon,2!Z0    (n)     896 
MeUfni*i  experiments,  70,  74 
Mercaptan,  462 
Mercurial  trough,  Newoiao's,  119    (s> 

168    (n) 
Mercury,  acetate  of,  879 

adulteration  of,  801 

action  of  chlorine  on,  808 

oxygen,  286 

alloys  of,  807 

bichloride  of,  304 

process  for,  804      (a) 

«bicyanuret  of,  411 

chlorides  of,  808 

congelation  of,  801 
*        apparatus  for,  63    (n) 

by  carbonic  acid»  158     (a) 

^      detected,  306 

expansion  of,  40 

ferrocyanuret  of,  415 

fulminating,  402 

iodides  of,  805 

oxides  of,  902 

pernitrate  of 

peroxide  of,  802 

action  of  water  oo, 

prot  acetate  of,  879 

protochloride  of,  80S 

.prussiate  of 
^        purified,  801     (n) 
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Mercury ,  tpecife  gr  i?it j  iocrMMd  by  c«a- 
gelation,  801 

•ulphntes  of  oxides  of,  829 

8ul|ihoreUi  of,  806 

wiili  polaMitttn,  807 
Mente,  455 
MetoxcUic  acid,  ATI 
Mttalt^  nci(i«  from,  229 

action  of  acids  oiit  228 

bromine,  226 

carbon,  227 

chlorine,  225 

flu(»rine,  226 

hyilrogen.    227 

iodine,  226 

■  phoxphoriif ,  227 

8iil|»hiir,  226 

8ul|iliiiretied  hydrogeo,  215 

aUovii  of,  22i,  227 

aniAlKHins,  224,  228 

cliiHiii Heat  ion  of,  228 

conduct  beat,  222 

di'com|>o8ing  wHter  at  a  red  heat,  229, 
251 

double  cyiinnrets  of,  412 

enuinprution  of,  222 

fu»ibibiy  of,  228 

Allied  and  ieniied  by  (^IvaiMtm,  95 

malleable,  222    (table  m) 

not  ei>fential  in  Voltaic  circlet,  88 

oxidHtion  of,  225 

quiilitiea  altered,  224,  2£8 

•Hlifmblc  bases  from,  225 

selenierels  of,  227 

specific  gravities  of,  222 

sficculum  metal,  297    (a) 

sulpburrts  of,  226 

tenarily  of,  223 
Metallic  alloyt,  211 

chlori.les,  226 

phufipburetH,  227 

selcniiireti*,  -27 

iiiil|)hiireiii,  226 
MetaphoMphoric  acid^  174 

IMTiiliirity  of,  175 
MetaphoMphatfM^  342 
Meteoric  stones  contain  nickel,  256 
MicrocoBinic  moU,  818 
Milk,   501 

Minder eruM^s  spirit,  878  •»* 

Mineral  chamelson,  234 

green,  352 

\fIlow,  359  J 

Mineral  waters,  separation  of  salts  frcWD, 

'^1      (n) 
3/mitim.  299 

MitchelVs  process  for  phospburet  of  ealcutm, 
218     [nj 

fxiifriments  on  passage  of  air,  497 
Mitscher tick's  diiicovery,  12 
Mixture,  fnuorific,  51 
Molasses,  469 
Molybdenum,  hydrate  of,  282 

ore  of,  2U2 

obtained,  282  , 

69 


Molybdemum,  oxides  of,  282 

properties,  282 

DolphurelH,  2*33 
Mo/ybdic  acid,  2A2 
Molybdo-aulpkurets,  857 
Mordant,  what,  456 
Morphia,  438 

acetate  of,  489 

detrction  of,  488 

hydro-chlorate  of,  439 

proreiis  for,  439     [n] 
Morriehini,  bin  ex|)eriments,  76 
JVfosotc /^o/(f,  268,  297    [n] 
Mucin,  475 
Mucus,  503 

Multiples,  laiv  of  combination  in  simple,  25 
Murexan,  433 
Murexid,  431 

Muriates.     See  Hydrochlorate$,  858 
Muriatic  acid.     See  Hydrochloritf  184 

im  pur  Hies  of,  188 

prepared,  187 
Muscles,  494 
Muscovado  sugar,  469 
Must,  488 
Mustard,  4S6 
Mykomelinic  acid,  427 
Myricin,  461 
Myrtle  «m»,461 


NAILS,  494 

Narceia,  440 

Narcotina,  437 

NapkUm,  477 

^aphthalic  acid,  480    (a) 

Naphthaline,  479 

Nascent  state,  ^bat,  21 

Nature  of  chlorine,  196 

Neutral  compounds,  26  ^ 

v<»feialiie  princi||to,  MO 
NmUralizatum,  14 
Nevyman's  trough^  110     (o) 
Nickd,  270 

"chloride  of,  271     fn) 

detected,  270    (n) 

pro|)erties,  270 

protoxide,  271 
tficotin,  441 
Nightshtfde,  484 
Nitr^te$.  characters  of,  882 

of  baryta,  836 

copper,  336 
-     lime,  836 

Axide  of  ammonium,  835 

oxides  of  mercury,  836 

potassa,  188 

pr«|oaide  of  copper,  S36 
JVi7ra/«  of  silver,  837 

of  iioda,  J35 
-    offttrontla,  886 
Nitre,  333 

decomposed,  838 
NUfA^eUl,  147 

action  on  aiimal  mattflr,  149 
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NUrie  acid,  •ction  on  fixed  oilf  >  460 

iron,  257    (n) 

lead,  300 

■  metaBl,  150 

— ^—  phosphorus,  150»  174 

— ^^—  sugar,  470 

volatile  oils,  462 

boiling  point  of,  149 

decomposed,  160 

detected,  609 

effect  of  light  on,  149 

oxide  of,  143 

properties  of,'  149 

proportion  of  real  acid  in  100  parts, 
623. 

prepared,  147, 148    (d) 

purified,  148 
NUric  ether,  463 
NUritet,  339 
Nitrogen,  184 

in  animal  subetanoes,  490 

analysis  of,  143 

detected,  609 

process  for,  134 

and  oxygen,  135 

--  carbon,  219 

binoxide  of,  143 

properties,  144 

use  of,  145 

chloride  of,  193 
pbosphnret  of,  220    (n) 
protoxide  of,  141 

quantity  absorbed  by  water,  188    (n) 

quadrochioride  of,  198 

sulphuoet  of,  221    (n)  * 

supposed  iMMie,  186 

tenodide  of,  201 
NitronaphthaUte^  480 
NUroue  ether,  463 
NitrouM  air,  dephiogisticated,  141 

acid,  146 

properties,  147 

gHi,  143 

Nitro-hydrochloric  acid^  189 

sulphuric  aeid,  321),  337 

Nitroue  oxide,  141 

analysis  of,  143 

absorbed  by  water,  133    (n) 
Nitrous  turpeth,  337 
NobilU*§  experimerUe,  70 
Nomenclature,  102 
Noyeau,  485 
Nux  vomica,  437 

OERSTED'S  discoveries,  102 
(Enanthic  ether,  464 
Octahedral  eyttem,  10 
OU  gae,  481 

— — ^—  apparatus,  481    (n) 

cocoa  nut,  460 

croton,  460 

olive,  460 

palm,  460 

of  tartar,  348 
on,  of  turpentine,  462 


Ot/,  of  wine,  452 

almonds,  485 
OiU,  action  of  acids  on  fixed,  459 

action  of  nitric  acid  on,  459 

action  of  alkaliee  oo,  460 

combustion  of,  469 

drying,  459 

soap  (rom,  390 

spermaceti,  603 

train,  503 

volatile,  461 

watchmaker's  460     (a) 

sweet  principle  of,  471 
Oily  adiie,  390 

Oleaginous  substaneeSt  458—502 
Ol^ant  gas,  213 

action  of  chlorine  on,  214 

properties  of,  214 

quantity  absorbed  by  water,  in 
Oleic  acid,  391 
Olein,  391,  502 
Oleine,  460 
OHoe  oU,  460 
qpctim,  467 

alkali  of,  488 

delected,  488 

process  ^r,  438 

acid  in,  386 

substances  id,  440     (a) 
Organic  chemistry,  362 

principles,  862 

— ^—  claasee  of. 


matter  in  water,  1S2    (a) 
Orgmnic  and  hwrganU  roaynawA, 

distinction  betweeo,  db2 
Orpiment,  277 
Osmazome,  493 
Osmte  acid,  319 
Osmium,  319 

oxide  of,  319 
Oxalate  of  ammonia,  371 

lime,  372 

calculi,  869,  506 

potnssa,  371 
Oxalic  acid,  369 

couipo«ilion  of,  371 

decom|>o«etl,  371 

distingiiiflied,  370 

from  tannic  acid,  5S9 

properties  of,  870 

theory  of  iu  prodoctioa,  370 

poisonous,  370 

in  vegei;tble«,  369 
Oxalovinic  acid,  454 
Oxalurate  of  ammonia^  42B 
Oxaluric  acid,  428 
Oxamide,  467 

annlytfis  of,  468 

obtain<s<i»  467 

properiifs  of,  467 

action  of  sulphuric  aeid  ea,  467 
Oxide,  carbonic,  159 

quantity  absorbed  fay  water,  IS 

• •  by  ckarGoal,^ 

cystic,  488 


PAR 


£47 


FHO 


OxUUf  Ditrk,  148 

■itrout  mbforbed  by  water,  188    (q) 

by  charcoal,  580 

of  phofphoras.  171 

proceM  for,  172    (n)  608 

of  lelenitiiD,  179 

aric,  488 

aanthic,  488 
Oxidtti  nomenclature  of,  108 

reduction  of,  225 

•esqui,  102 
Oxy-cA/or»d««.  859 

of  copper,  859 

lead,  859 

iron,  859 
Oxygen,  absorbed  by  the  blood,  119 

— — —  by  combustible  bodies,  121 

by  tannic  acid,  889 

action  of  on  blood,  498 

compounds  of  combustible  bodiea  with, 

122 

of  chlorine  with,   189 

derivation  uf,  103 
diminished  in  combustion,  120 
^—  by  rexpiratiun,  498 
explosion  with  ether,  450 
loss  of  compenaated,  141 
not  the  sole  principle  of  acidity,  122 
produces  oxides  and  acids,  122 
union  with  hydrogen  forma  water,129 

nitroffen,  141 

chlorine,  189 

^,118 

Its  eflec»  on  indigo,  457 
properties,  119 
procured,  118 
combustion  of  carbon  io»  120 

of  phosphorus,  120 

quantity  absorbed  by  water,  188     (n) 
— — <— —    by  charcoal,  580 
•—^required  for  eombostion  of  woods, 

484 
supports  life,  119 

Oxy'hydrogen^  blow  pipe,  128,507 

Oxyiodidt:  360 

Oxymuriatic  acid.    See  Chlorine. 

Oxy  muriatee.     See  Chloraiee. 

Oxy  eaiU,  820 

PALLADIO  CHLORIDES,  388 
Palladium,  319 

cyaouret  of,  411 

oxides  of,   319 
Palm  oil,  460 
Panary  fermentaHony  490 
Pancreatic  M^e,  500 
Paper,  test,  455,  870 
Parabanic  add,  428 
Paracyanoge^t  220    (n) 
Paraffin,  477 
ParanaphthaHne,  480 
Parillia,  440 
ParU  ofplanU,  482 
PetrHcheqfbodiee,^ 
integrant,  13 


Peeiie  acid,  898 

obtained,  393 

PeeUn,  393 

Pearlaeh,  847 

sources  of,  348  •     j   iro 

quaniityof  alkali  m,  aacerUined,  158 

Pearl-white,  291 

powder.  291      (n) 
Pelletier  and  Caoentoue  proceai  for  Cin- 

chonia,  435    (n) 
Perchloratee,  841 
Perchloric  acid,  198 
Perehloride  of  carbon,  194 

of  mangatieie,  255 

of  phosphorus,  195    (u) 
PercuMtion,  light  from,  77 
Percyamtret  of  gold,  412 
Perjfuoride  ofmanganete,  255 
Perfumed  eteeneee,  462 
Periodic  acid,  *i01     (n) 
PeHodide  of  carbon,  202  (n)  • 
PerwMing-anic  acid,  254 
Peroxide  of  hydrogen,  184 
Pereulphuret,  of  arsenic,  277 

hydrogen,  216 

Petroleum,  4T7    - 
Peru,  baUara  of,  4f»5 
Pewter,  268.  288,  300 
Phlogieton,  121,  122 
Phoephates,  characters  of,  842 

detected,  942 
Pitch,  464 

Plating  of  copper,  312 
Portfire,  885    (n) 
Phenicin,  457 
Phoephoreteenee,  78 
Phoephori,  solar,  76 
Photphoric  acid,  173 

distinguished,  174 

glacial,  175 

prepared,  174 

matches,  171    (n) 

test  of,  174 

union  with  bases,  174 
PhoephorouM  acid,  178 
Pho9phor%u,  169 

action  on  metals,  227 

of  nitric  acid  on,  174 

Baldwin's,  77    (n) 

Bolognian,  328 

bromides  of,  205    (n) 

Canton's,  77    (n) 

characters  of,  169 

eombostion  in  oxygen,  120,  170 

slow,  170 

■  under  water,  340 

effect  of  light  on,  171 

•quiralent  of,  171 

inflames  in  rarefied  air,  170 

oxide  of,  171 

Verrier's  process,  172  (n) 

Botger's    • •    508 

solution  in  ether,  171 

union  with  chlorine,  183 

hydrogen,  217 


POT 


648 


PRO 


Photphonu,  anion  with  iodhw*  108 
oxygen,  171 

use  in  eudiomeiry,  139 
Photphovinic  acid.  895  (n) — 454 
Photphuret  ofcalduMt  218    (n) 

of  nilrugen,  2;:0  (n) 
Phosphurets,  lUPiallic,  227 
Phogpkuretted  hydrogen,  217 

prepared,  ^17 

chlorides  with,  S60 

combustion  in  oxygen,  219 

effect  of  li^ht  on,  219 

•ahs  of,  355 
Photogenic  drawing,  811  (n)  507 
Picamar,  479 
PicromeL  501 
Pinchbeck,  297 
PicUVt  experimenU,  68 
Piatol,  electrical,  125 
PiUotfo/,  479 
Planie,  parts  of,  482 

respiration  of,  511 

juices  of,  482 
PlaHna-mohr,  STH    (n) 
Platinochloride9,3S8 

biniodide  of  potassium,  860 

■  of  hydrogen,  860 

PlaHnum,  816 

action  on  hydrogen  and  oxygen  gases, 
816 

on  alcohol, 377     (n) 

on  carbonic  oxide,  160 

chlorides  of,  317 

conducts  caloric  slowly,  316 

ethereal  solution  of, 451 

fulminating,  818 

iodide  of,  318 

oxides  of,  317 

properties  of,  816 

spongy,  316 

sulphurets  of,  318 

tests  of,  818 
PUaiomorphiem,  13 
PneumatO'Chewtical  trough,  108J 

mercurial,  110,  168  (n) 
Polarization  of  heat,  70 

of  light,  73 
Polet,  Toltaic,  98 
PoUenin,  475    (n) 
Polychroite,  458 

Poppy*  ^^^ 
Potash,  canst  ic»  232 

PoUuea,  232 

acetate  of,  378 

action  oo  organic  compounds,  368 

bicarbonate  of,  348 

binoKaUte  of,  371 

bisulphate  of,  322 

bitartrate  of,  384 

carboMite  ol,  317 

chlorate  of,  339 

distinguished,  232 

affords  oxygen,  119 

action  on  Mflammablef:,  839 

of  sQiphuric  acid  on,840 


Pota»»a,  chromates  of,  34f 
crocooate  of,  372 

fusa,  282 

etheroxalate  of*  453     {n\ 

iodateof,  341 

manganate  <»f,  254 

nitrate  of,  333 

preparation  of,  232 

properties  of,  2S2 

proto-hydraie  of,  282 

pore,  prepared,  2J2     (n} 

purified,  232 

quadruxulate  of,  872 

bitttearate  of,  390 

sulphate  of,  S22 

bisulphate,  822 

8ulpho-indig(»tate  of  995 

tartrates  of,  885 
Potatrium,  229 

apparatus  for*  528 

boro-fluoride  of,  361 

bromide,  of 283  [n] 

carbo-sulphnret  of,  366 

carburet  of,  233     [n] 

chloride  of,  283 

compounds  of,  281 

cyanuret  of,  409 

'  '  process  for,  410 

decomposes  water,  231 

ferrocyanuret  of,  418 

fluoride  of,  238     [o] 

and  hydrogen,  238 

hydro-eulpliuret  of,  856 
'  iodide  of,  233 

phosphurets  of,  234     f  n] 

platino-biniodide  of,  360 

processes  for,  230 

properties,  280 

seleniurets  of,  234     £n] 

sulphurets  of,  234,  284    [b] 

and  iron,  (errocyanaret  of,  416 

tersulphuret  of,  234 
Potatoet,  483 
Powder,  fulminating,  334 
gun,  334 

with  chlorate  of  potuaa,  840    (a) 
Precipitate,  red,  302 

process  lor,  302     (n) 
Prm/n'/o^es,  apparatus  for  dicing,  59 
Precipitation,  18 

PreeervaUon  of  animal  substaBces,  491 
Pressure,  influences  the  boilinff  poist,  56 

— — ^  crystallisation,  6 
chemical  action. 


PrevosVs  theory,  71 

Priestley^ s  method  of  anaVfsis,  199 

Primitive  forms,  8 

Printers*  ink,  459     (n) 

types,  288 
Prismatic  colours,  74 

syctemn,  II 
Proof  spirit,  443 
Proportion,  what,  26 
Proportions  in  which  hodins  cowbif ,  1^ 
compounds  o(wammy,  9i 
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SAP 


ProporUontt  hiwf  of,  t4 
limited,  ^ 
in  volninpfi,  331 

Protector,  DuvyV  87 

Rroto  chloride  of  tntmgane§e,  266  (n) 

Protoxide  of  nitrogen,  141, 

d«*coinpoKeil,  143 

pniceM  for,  142 

properties,  142 

Pruuian  bhie,  416 

cnnptiintion  of,  416 
Prtutiaie  of  mercury ,  £19 

|H)tllfi|iR,    410 

Puddling  of  iron,  261 

Pulae  gloM,  S^> 

Puhm  antimonialist  286 

JhirificaHon  ofalcohoh  441 

Purple   of  Cotnttf .  266 

Purpurate  qf  arnmoma,  lee  Murexid,  481 

Purpuric  acid,  433—604 

Puj,  503 

Puir^action,  490 

pfHuviafrom,  iu  effecU,  492 
Pyracida.  tlieory  of,  366 
PyritcM,  iron,  260 

copp«r,  294 
Pffroligneoui  acid,  376 
Pyrometer,  38 

DaniePfl,38 
Pyrophorua,  Homberg's,  S30 
Pyrophotphoric  add,  174 
Pyropho$pkate$y  846 
Pyroxylic  epirii,  464  « 

ute«  of,  464    [o] 
Pyrrfdne,  132    [n] 


qUADROXALATE  orpotMn»872 
Quadrochloride  of  nitrofen,  193 

analyiiisof.  194 
Quantity  of  matter,  iti  hifltnnee,  22 
Qun^rnne,  hiaobterrataoM  ooyMttt  611 
Quima,  435 

adulteration  of,  436 

disulpliate  of,  486 

hydro-ferrocyanaM  of,  486    [■] 

prooeta  for,  486 

•ulpbate  of,  436 


RACEMOVimC  ACID,4U 

Radiant  heat,  65 
Radiation  in  vacuo,  66 

theorief  of,  70 
Radicals,  compound,  367 
Radical  vinegar,  376 
Ratioa,  combining,  26 
Ray;  luminous,  74 

calorific,  70 

clieroical,    76 

Redfire,Si6,    [n] 
^ycf,  466 

R^ntr^t  verdiUr,  862    [n] 


R^eHon  of  boat,  67 

cold,  68 
Rrfraction,  double,  78 
of  ligltt,72 
of  infli<mmable«,  72 

Reguhu  of  antimony,  76b 
Rennet,  601 
Reain,  nlpha,  464 
beta,  464 

ReeinM,  463 

gum,  466 
solvents  «f,  468 
diiMinlveH  by  etber,  461 
solid.  466 

ReapiraHon,  494—497 

conHumpiinn  of  oxygen  l>y,  498 
carbon  produced  by,  498 

Rhodiochloridea,  359 

Rhodium.  319 

Rhodizonic  acid,  378 

Rkombohedral  ayatem,  12 

Rocou,  463 

Rochelle  aalt,  886 

AoW  de  Liale'a  theory,  7 

Roota,  488 

Aostn,  4^2—464 

Rouge,  458    [n] 

Rum,  488 

Run^ord'a  experimenti,66 
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SACCHAROMiETEM^  487 

Safety  lamp,  218 

principle  of  the,  218 

Sqfrim,  458 
Saro,  472 
Sal  ammoniac,  868 
native,  364 

Salicin,  436 

Saliva,  600 

Salop,  472 

Salt,  «oronion,  chloride  of  aodiiHi, 

Glauber's,  8S2 

of  lemons,  871  ' 

of  hartshorn,  491 

SiUta,  ammoniacal,  868 

atomic  compoeilion  o^  104 
characters  of,  105  %^ 

composition  illuatn4i||li  by,  16 
double,  104,  821  ^ 

haloid,  105,  868  |^ 

microcosm  ie,  848        ^ 
neutral.  104 

orders  of,  104  ^  \ 

oxy,320  »  • 

of  phosphoretted  hydreftiia  886 
saturated  solution  oT^MtMd,  4    {u}  ^ 
solution  of,  produeea  eeVi»ii 
so()er,  104  ^ 

sulphur,  106.866 

SaniaHn,  456  (n> 
Sap  grttn,  486 
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iP^: 


SIL 


650 


SPE 


Saratoga  v>aUr».  iodine  in»  606 
Saturation^  8,  14 
Saturn,  oHliof,  879 
Sttuer  kraut,  ncid  in,  380 
Saxon  blue^  457 
Scale  of  equivalent*  t  518 
Seheele'a  green,  846 
Sealing  wax.  464 
Sclerotium  giganteum,  893 
Sclerotin,  898 

5ea  satt,  hydrochloric  anid  from,  186 

theory  of,  IS6 

Secondary  action^  98 
Seebeek"*  experiments,  74 
Seed*.  486 
Seignetie'9  mIi,  386 
«Sf«^tc  acid.  180 
Selenioue  acid,  180 
SeUnites,  180 
Selenium.  178 

bisulphoretof,  221     (n) 

equivalent  of,  179 

source!  of,  178 

oxide  of,  179 

tinges  flame,  179 

SeUniuret  of  phoaphonuy  221    (n) 
Selemuretty  metaltic,  227 
Seleniuretted  hydrogen,  217 
SeUzer  water,  849    (n) 
Senna  ^  484 
Seneible  heat,  68 
J9er<m«  >Itft<2t,  608 
5«S9iit/«rrocyofiart<  i{f  iron,  415 

Serum,  4B7 

solid  matter  in,  496 
analysis  of,  497 

Signal  lighU,^S6    (o) 
SUUa,  177 

in  blood,  496 

obtained,  177 

properties,  177 

uses,  178 

Silieieacid,\n 
SiHco-fluoridee,  861 
Silicon,  176 

obtained,  176 

oxide  of,  177 

properties,  176 

terchloride  of,  196    (n) 

SihiTf  alloys  of,  811 

assay  of,  308    (n) 
chloride  of,  810 
copellation  of,  808    (o) 
cyanates  of,  401 

d'eton»t>ng>  810 
effect  of  galvanism  on,  95 
eliquatioB  of,  809,   (n) 
rulmioatiAK.  810 
glance,  811 
born,  810 
ores  of,  807 
oxide  of,  809 
properties  of,  808 


I 


Siher,  parifleation  of,  807 

solvent  of,  809,  837    (n) 
standard,  312 
sulphate  of  oxide  of,  S29 
salphuret  of,  311 
tarnish  of,  308 
'  tree.  810 
triphopphate  of  oxide  of,  344 

SUvering  for  diaU ,  312 
Simple  bodite  37 
Skin,  494 

afiWcts  the  air,  499 
Smalt,  270 
Smell*  removed  by  charcoal,  152 

chlorine,  184 

Somi,  460 

Soda  a/ttin,  381 

Soda,  bi-ljornte  of,'847 

. a  new  one,  *47    (a) 

bi'Carbonate  of,  S49 

carbonate  of,  348 

distinguished,  236 

liqQid,dif*infecting,  349     (a) 

nitrate,  336 

powders,  885     (n) 

preparation  of,  see 

properties  of,  285 

sesquicarbonate  of,  348 

sulphate  of,  822 

tartrate  of,  and  poti 

triphosphate  of,  843 

water,  349     (n) 

5o<li*m,284 

bromide  of,  2)6     (n) 
chloride  of,  286 
fluoride  of,  236     [n3 
iodide  of,  236     [n] 
oxides  of,  235 
properties  of,  284 
proto>sulphuret  of, 
protoxide  of,  285 
sesquioxide  of,  236 

Sttmerir^**  experiment*  on  aloobol,  4IS 

Solar  plwaphori,  77 

Solder*,  dOO 

Solid*,  expansion  of.  88 

Solubility,  tried,  4     [n] 

Solution,  defined,  3 

objects  of,  3 

produces  cold,  51 

saturated,  4    [n] 

Soot,  481 

Somerville**  experimenta,  75 
Sorbic  acid,  see  Malic  acid. 
Sorrel,  salt  of,  see  OxaHc  atid* 
Specific  gravity,  114 

changed,  IS 

caloric,  48 

of  gases,  calculated,  83 

beat,  48 

Speculum  metal,  297 

Spectrum,  soUur,  74  # 

^ei**,  270 


SUL 


551 


SUL 


Sp«lUr,2e9 
Spermaceti,  602 

oil,  508 
Spiral/.  469 
Spirit  of  wine,  488 
Spirihu  tetherie  mtrieit  453 
Spongy pUsHnum,  action  of  on  g«Mt,  139 

^—^  carbonic  oxid*;  161 
Squill,  483 
Stmmatee,  267 
Stark's  experinaenU,67,  70 
Steurch,  obtained,  471 

te<t,  prepared,  200     [nj 
converted  into  fugar,  471 
in  »ee<i(i,  485 
State  of  bodies,  50 
Steam  apparatus,  66,  59 
latent  beat  of,  68 
uses  of.  59 
Stearic  acid,  390 
Stearine,  602 
Steel,  tin.  262 

alloyetl,  263 

coated  with  gold.  &c.  451     [ir] 
tempering  of,  262 
Stodartd^B  expUs  on  coating  ateel,  461  (n) 
Strasburg  turpentine,  464    (o) 
Stream  tin,  265     (n) 
Strontium,  239 

chloride  of,  240 
iodide  of,  210  (n) 
obtained,  240 
peroxide  of,  240    (d> 
protoxide,  239 
StronHa,  carlmnate  of,  860 
salts  of,  240 
sulphate,  321 
Strontianite,  350 
Strychnine.  437 
Sweet  spirit  of  nitre,  468 
Sublimate,  corronive,  304 
Sublimation  of  benzoic  acid,  881—382 
Sub  acetate  of  lead,  3TJ 
Sub  carbontUe  af  ammonia,  350 
Substantive,  c«ilour«,  456 
Substitutions,  tlieory  of*  366 
Succinamide,  468 
Succinates  376 
Sticcinic  acid,  376 

III  ninber,  466 
Suet,  502 
Sugar.  469 

from  beets,  469 
acid  from,  374 
action  of  acids  on,  470 
of  grapes,  470 
of  starch,  471 
liquid,  470 
of  lend,  379 
Sulphamide,  4t'>S 
Sulphates,  characters  of,  321 

clHMinraiion  of,  322    (n) 

decom|>osiiioo  of,  227 

double,  380 

— —  of  potMn  And  alomiiim,  380 


Sulphate,  of  alumina,  326 

of  ammonia,<'^28 

of  baryta,  323 

of  cobalt,  328 

copper.  328 

iron.  326 

lime,  326 

lithia,323 

mai^nesia,  325 

mercury,  329 

nickel,  328 

oxide  of  ammonium,  823 

pota«sH,  322 

qiiinia,  436 

silver,  329 

iodn.322 

strontia,  324 

zinc,  327 

Sulphite  of  baryta,  332 

lime,  332 
Sulphites,  165,  832. 
Sulpho-cetic  acid.  448 
Sulpho-cyanic  acid,  420 
Sulphohydric  ether,  45i    (n) 
Sulphonaphthalic  acid,  480 
Sulphur,  161 

acids,  356  ^ 

,  alcohol  of,  220 

I  combination  of  carbon  wkb,  tTQ 

meuls  with.  226 

combustion  of,  162 

contains  hydrogen,  162 

crystallized,  101 

equivalent  of,  162 

flowers  of,  162 

vapour  of,  162 

salts,  355 

Sulphuret  of  Ethyl,  452 
Sulpkurets,  action  of  heat  on,  226 
01  antimony,  287 

arsenic,  276 

iron.  259 

nitrogen,  221     (n) 

phosphorus,  221 

platinum.  318 

silver,  311 

tin,  267 

vanadium,  281 

Sulphuretted  hydrogen.   See  HydromUpkm' 

rtc  acid  gas. 
Sulphuric  acid,  165 

action  on  iron,  257 

. on  oxamide,  467 

analysis  of,  167 

boiling  point,  167 

ether.  448 

manufacture  of,  166 

.  illustrated,  166 

■  th«*ory,  166 

of  Nordhausen,  166 

purifieil,  166 

strength  of  ascertained,  167 

test  of.  168 
168 


THE 


^2 


UBI 


Sulphwroui  add,  163 

analysis  uf»  164 

bleaches,  164 

cooveriible  into  salpburie  acid,  164 

liquefied,  166 
Surface^  influence  of  on  radiotioo,  66,  506 
Sweet  oil  of  winet  451 
SylviuM,  salt  of,  378 
Symbol*,  chemical,  38 

Berzelius*!*,  35 

table  of,  34 
Sympaiheiie  ink,  270  (n) 
Synihena  6^ 
Syatem$  of  eryMialUzaiian,  10 


TABLES  of  At&miy,  18 

equivalent  weights  and  specific 

gravity  of  gases,  92 
freezing  mixtures,  51 
symbols,  34 
Tunme  add,  6SS 

ariiticiiil,  390 

disiini^ttished,  389 

varieties  of,  889 
TVmnin,  388 
TannogelaUne,  389 
Tantalum,  same  as  Cohmbiitm,  284 
7Vif»toea,  473 
JVw,  464 
Tartar,  cream  of,  884 

emetic,  885 
Ttirtarie  add,  383 

properties,  384 

a  test,  384 
Tartrate,  of  antimony  and  potassa,  885 

iron  and  puiassa,  385 

potassa,  384 

potansa  and  copper,  385 

and  suila,  885 

Tartrovinic  add,  454 
Tellurium,  .:y3 

act  ion  of  nitric  acid  on,  293 
Telluroue  add,  293 
Temperature,  43 

atfcertained,  44 

changed  by  chemical  uoiuo,  16 

■  by  poliilion,  52 

influence*  aiBuiiy,  21 

of  the  globe  equalized,  61 

of  itteam,  58 
Tempering.  262 
Tendont,  494 
Terehloride  of  gold,  314 
Tmriodide  qf  nitrogen,  201 
Te$t»    liquid,  14 
Te$t  papers,  made,  455    (n) 
Tetarto  carbO'kydrogen,  45S    (o) 
Texture,  effect,  of,  63 
Thebaia,  440 
J%eory  of  volumee,  31 
Thermowuter,  44 

differential,  46 

reduction  to  mean  height  of  the,  42[n] 


Thermomettr,  self  regiatering,  41 

Seix's,  47,  new  viii  

Tliermometere,  corre«poDdenc«  betwtem,  4s 

ThiaUe  ether,  452 

Thionuric  add,  429 

Third  body,  edeet  of  a»  17 

Thorium,  250 

llunina,  250 

properties  of,  250 
Tin,  ^5 

acetate  of,  878 

alloys  of,  268 

chlorides  of,  2^ 

crystallized,  265     [nj 

filings,  265     [n] 

foil,  265     In] 

oxides  of,  266 

permnriate  «if,  267 

properties,  265 

salu  of.  268 

sulphureta  of,  267 
JHneal,  347 
TUamum,  291 

metallic,  292 

oxides  of,  292 
Titanie  add,  i^l 
Titanoftuoridee,  861 
Tolu,  iMUatn  ul,  465  (o) 
Torpedoes,  310 

Torrey'e  apparatus  for  nitric  «lker»  453 
TVotn  oil.  503 
Triphoephaiea,  348 

of  liiue,  344 

msignesia,  344 

oxide  of  sihrer,  844 

soda,  343 
7V5e  apparatus,  117 
Tungsten,  283 

chlurides  of,  284 

oxides  of,  2U3 
Tungstates.  284 
TungsHc  add,  283 
Tungsto  sulphur etM,  S5S 
Turmeric,  456 
Turpentine,  oil  of,  462 

tiirasburg,  4G4     [a] 

Venice,  464 
Turpeth   mineral,  329 
Tutenag,  297 


UNIT,  chemical,  29 
Union  of  stUfstances,  in 

28 

Uramil,  A'29 
UramiUe  add,  480 
Uranium,  289 

oxides  of,  2S9 
Urea,  399—504 

compounds  of,  400 
Ure's  drying  Nppiir«tii8»  59     (n> 
Urets,  what,  103 
Urie  oxide,  433 

acid,  504 
C7rtii€,504 


VOL 
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WOL 


Urime,  pkotphaie  of  amnMaia  and  magMsim 
in,  S44 

area  from,  400 

component  partf  of,  604 
VANADIC  ACID,  981 
Vamadium,2S0 

oxidetof,  281 

•ulphtirets  of,  281 
V^Htrixaium,  54 
Flopoiirf,  dilatatioo  of,  64 

ubie  of  elastic  forot  of,  820 

1,617,518 


Varm$he$,  464 
Varvaeiie,  259    (a) 
Vegetable  acids,  369 

alkali,  232 

bodief ,  S62 

principle!,  862 

form  deflnite  oompoonda,  868 

claM6aof,568 


•oil,  490 
VegeiabUe,  alkalies  in,  484 

— ^— diitinguifbed,  484 

decompoM  water,  184 

growth  kc.t  aflfected  by  light,  76 

decompociiion  of,  490 

— ^— —  of  carbonic  acid  by,  157 

prodocta  of  destnictite  dialillation  of, 
477 

prineiplet  in,  862 

— —  nentral,  467 
Vemee  turpentine,  464 
VenHlation,  41 
Veratria,  4M 
Verdigrie,  879 

compofliiion  of,  879     (n) 
VerdUer,  852 
Verjmce,  470 
KcniM/ion,  306 
Verrier*a  proceu,  for  oxide  of  phofpbonu, 

172    (n) 
Foicrar,  876— 489 

di«lille<i,  376 
Vimouefennentaiion,  487 
Fucm,  415    (n) 
Fuiofi.  71 
Vtiriol,  blue.  See  Copper,  eulpkaie  of,  828 

green.  See  Iron,  eu^hate  qf,  326 

white.  See  Zinc,  nUphat*  qf,  327 

oil  of,  table  of,  521 
VoUUUe  oih,  461 

obuined,  461 

action  of  acida  upon,  462 

quantity  aflbrded  by  tarioaa  leeda,  ke, 
462    (n) 
Volta*»  eudiometer,  188 

pile,  90 

crown  of  cape,  90 

theory,  85,  92 

— ^—  evideooe  agaiaiC,  93 
FoAoic  «/«e<rtcily,  85,  88    * 

circlet,  85,  88 

— ^—  without  metalf,  88 

chemical  eflecta  of,  96 

Davy'f  experimeaf,  96 

•fiiwtoa  ■»! ali,  95 

70 


VoUaie  eUctrieiiy,  Pamday*! 

magnetic  elfecta  of,  102 

new  terms,  98 
WASH,  481    (n) 
JVaUr,  action  of  on  lead,  298 

analyaif  of,  131 

by  galvaaiciBf  96 

■  ■    ■  by  vegetablaa,  18S 
apparatus  for  tliowingr  the  eoapori* 

tion  of,  181 

decompoaitioa  of,  96, 181 

basic,  5 
composition  of,  129 

illustrated,  130 

compre!*sible,  138 

constitutional,  6 

— —  removed,  6 

contains  air,  133 

of  crystalliaation,  5 

decomposed  by  gahraniaai,  96,  181 

by  potassium,  231 

distilled,  182 

expands  h|  cold,  48 
froten  by  ether,  450 

hy  rapid  eTaporatioB,  60 

gilding,  316 

bard,  325 

of  ammonia,  210 

•     process  for,  211     (n) 
maximum  density  of,  48 
not  essential  in  voltaic  circles, 87 
properties  of,  132 
quantity  of  gas  absorbed  by,  183    (o) 

Suantity  of  denoted,  5 
eltxer,  349     (n) 

a  slow  conductor,  65 

aoda,  519     (n) 

■Undard  weight  aodjmeaaore  of,132(o) 
Walere,  distilled,  462 
1Vax,460 

bees,  460 

cow  tree,  461 

myrtle,  461 

sealing,  464 
Weight,  2 

atomic,  80 

of  gases,  82 
Weighie  and  wieaeurea,  526 
Weise  his  systems  uf  crystalf,'10 
Wellt*  experiments,  6S 
WeUher'e  tube,  187    (o) 
Wenxer»  law,  27 
Wheat  flour,  471 
H^^,  501 
WJdU  oMe  of  binmOk,  991 

flux,  8S3    (n) 

lead,  299 

pearl,  291 

vitriol,  327 
WiUon^aphoepkorua,  Tl    (■) 

heavy  oil  of,  454 
light  oil  of,  452 
■weet  oil  of,  461 
odoor  of,  to  what  owiag ,  488 
Wire  gemxe,  eflect  of,  78 


YTT 


564 


ZIB 


W§UMtiim*^  M/aplnfMt  91    (ft) 

icale»  Si»  618 

theory  of  cryttab,  8 

theory  of  gmlTaniniiy  92 

thermoBieter,  56 
Woodt,  qaantity  of  oxvmtn  Kqoind  for 

cMibaetieo,  484 
FTootf,  afford!  oswik  aoid,  370    (o) 

«•*—  pyroxyUo  epiritt  464 
Woody  fibres,  483 
irod;494 

XANTHJC  OXWS,  433 
XyUridm,  478 

YELLOW  DYES,  467 
FeHofo,  King*!,  277 

acid,  492 
nfrui,249 
YUriumt  ^9 

prtpertiw  of,  249 

•alti  of,  249 


ZAFFRE,  210 

ZonlMfi,  468    (n) 
Zeme^Alb    (n) 
Ztiie,  acetate  of^  878 

amalgaiiiaiedy  87    [a1 

blende,  264 

chloride  of,  263 

circle,  86 

comboftion  of  io  oxjfmi  gaa*  181 

flowen  of,  283 

for  faydngenjna,  S6S     [a] 

prepertaoti  20 

protoxide  of,  268 

■alphate  of  protoXMl»»  S87 

uteiof,  264 
Ztreoitta,  261 

pcopertJM  of,  261 
Zireonmm,  250 

propertiei,  261 

•eeqoioxidie  of*  261 
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TO  THE  FIGURES  OF  APPABATUS,  fcc. 


JACKSON'S  oxyBloobol  kmp,    1,  2  WnmL 
Air  Pump,  6,  6    do. 

Do  Luc*f  columnf,  T    do. 

Dbh  for  freesin{(  waters  8    do. 

Clmrke*t  electro-maf .  inochiDt»  9, 10    do. 
Now  UierroooMter,  11    do. 

Adams*  apparatus  for  solidifyiDg 

carbonic  acid  gaa,  1, 2  PI.  I. 

0O.  for  washing  precipitatetf        1»  2  Pl.ll. 
Galin's  cylinder  nolder,  S,4,  ft    do* 

Condensing  apparatus,  6    do. 

Cooper's  mercurial  receiter,  7    do. 

Boflstrocm's  suuport,  8    do. 

Hare's  app'ts  for  hyd.  and  cbloriM,  9    do* 
Haas's  primitive  foraae,^  1  to  6  Pago 8 

Darnell's  method  of  developiog 

eryttalline  stmctmre,  7        8 

Snnple  and  compound  (briMa     8  to  IS        9 
Weiss's  syitem  of  cryftallia- 

tion,  14  to  20      11 

Apparatot  for  bydrochlorate  of 

ammonia,  21      li 

Pyrometer, 
Apparatus  for   illustrating  ibt 

expansion  of  liquids, 
Do.        do.        do-  24  to  25 

Do.        do.        of  air,  26 

Do.  change  of  specific  gravity 

io  liquids  by  beat,  27 

Do.  ascent  of  heated  air,  28 

Thormometers,  29  to  S4 

Apparatus  for   illustrating  ca- 
pacity of  bodies  for  heat,  85      48 
Do.  evolution  of  heat  by  coo- 

deosation  of  air,  99 
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.GRIFFIN'S 

CHEAP  CHEMICAL  APPARATUS, 

AXD   OTHER   SCIENTIFIC    COLLECTIONS,   ADAPTED   FOR   USE   IN 
SCHOOLS   AND   POLYTECHNIC   INSTITUTIONS. 


KICHARD  GRIFFIN  &  CO.  beg  to  call  the  attention  of  Expb- 
ftiMENTAL  Chemists  to  their  extensive  collection  of  Improved 
Chemical  Apparatus,  made  after  the  newest  and  most  useful  pat- 
terns, formed  of  the  best  materials,  and  adapted  alike  to  the  use  of 
the  Professor  of  Chemistry,  the  Student,  the  Amateur,  and  the  Manufac- 
turing Chemist.  The  Collection  comprehends  almost  every  article  of  an- 
alytical apparatus  employed  by  Berzelius,  Faraday,  Rose,  Mitscherlich, 
Liebig,  Gay  Lussac,  Dumas,  and  other  eminent  Chemists,  with  all  the 
new  instruments,  every  article  necessary  for  the  use  of  the  Blowpipe,  and 
many  that  are  adapted  to  the  performance  of  the  Experiments  at  the  Lec- 
ture Table.  Care  has  been  taken  to  procure  from  the  Continent,  those 
materials  which  are  not  produced  of  equal  quality  by  British  Manu- 
facturers, such  as  the  Porcelain  of  Berlin  and  Sevres,  and  the  infu- 
sible white  glass  tubes  of  Bohemia.  And  all  the  instruments  have  been 
made  with  due  attention  to  their  adaptation  one  to  another,  so  as  to  quali- 
fy ihem  for  use  in  many  different  operations  ;  by  which  means  the  expense 
of  a  set  of  Apparatus  for  a  systematic  course  of  experiments  has  been  les- 
sened in  a  great  degree. 
Glasgow,  Dec.  1839. 


Harvard  University^  Cambridge,  Jan.  26th,  1840. 
From  the  experience  I  have  had  with  several   of  the  instruments,  &c., 
manufactured  or  prepared  by  Messrs.  GrifTm  &  Co.,  I  have  no  hesitation 
in  recommending  them  to  the  attention  of  chemical  students,  and  others. 

J.  W.  WEBSTER,  Ercing  Prof,  of  Chemistry. 


The  following  are  a  few  of  the  articles  contained  in  the  more  complete 
catalogue,  (with  prices  annexed.)  a  few  copies  of  which  can  be  obtained  of 
Marsh,  Capen,  Lvon,  &  Webb,  No.  109,  Washington  Street, — through 
whom  orders  can  be  transmitted. 


APPARATUS  FOR  PULVERIZATION  AND  SOLUTION. 

Apparatus  for  Pulverization,  comprising  chemical,  apothecaries',  and 
other  Mortars,  of  steel,  porcelain,  agate  and  marble,  of  various  prices,  from 
Is.  to  9s.  (sterling.) 

Apparatus  for  solution  of  flint,  or  German  hard  glass,  or  porcelain, 
flasks,  tubes,  d^.,  from  Is.  to  2s. 

FURNACES,  LAMPS,  AND  SUPPORTS. 

Furnaces  of  all  descriptions,  of  stone-ware,  porcelain,  iron,  Sec. 
Lamp  furnaces,  flasks,  cylinders,  water-baths,  &c.  from  Is.  to  Sa. 
Lamps  of  all  kinds,  for  oil  or  alcohol,  from  Is.  to  13s.  6d. 
Every  variety  of  supports  for  lamps,  retorts,  tubes,  ice.  &c.,  of  woody 
iron,  brass,  stone*ware,  kc. 


t  Griffin's  Cheap  Chemical  Apparatus. 

APPARATUS  FOR  TESTING, 

Complete  sets  of  test-tubes,  of  hard  German  glass,  sealed  and  bordered. 

Pepys',  Clarke's,  and  other  test-glasses,  spoons,  rods,  &c. 

Books  of  test-papers  of  all  varieties. 

Bottles  for  acids,  &c.  with  ground  stoppers,  with  names  in  black  eoi- 
mel,  on  a  white  ground,  25  sorts. 

Set  of  52  Bottles  for  Rose's  Tests,  3  and  6  oz.,  names  in  Latio,  la 
black  enamel,  100s. 

Stoneware  Bottle  for  Drugs,  wide  mouth,  2  ounce.  Is.     6  ounce,  2l 

APPARATUS  FOR  PRECIPITATION. 

Beaker  Glasses,  (bell-shaped)  for  hot  liquors,  as  recommended  by  Be^ 
zelius,  thin  at  sides  and  bottom,  of  flint  glass,  from  8d.  to  2s. 

Set  of  nine  Beaker  Glasses,  packed  in  a  wooden  box,  lis.  6d. 

Bohemian  Beaker  Glasses,  of  hard  glass,  stronger  and  better  adapted 
for  holding  hot  liquors  than  those  of  flint  glass,  all  sizes,  one  half  kigker 
in  price. 

Cylindrical  Jars  of  flint  glass,  from  4d.  to  8d. 

Price  of  the  Set  of  four  cylindrical  jars,  28. 

APPARATUS  FOR  FILTRATION. 

Glass  Filtering  Funnels  of  the  form  of  an  equilateral  triangle,  adapted 
to  fit  plain  filters,  six  sizes. 

Funnel  Holder,  consisting  of  china  ring,  with  rod  and  foot  of  white 
wood,  Is.     Of  polished  black  wood.  Is.  3d.    With  wooden  ring,  8d. 

Circular  Filters,  prepared  from  very  pure  paper,  which  contains  no  tda- 
ble  matter,  gives  only  one  part  in  238  of  ashes,  and  filters  with  rapidity. 
Sold  in  packets  of  100  filters  each,  in  sizes  to  suit  the  foregoing  sixes  of 
funnels,  from  3d.  to  Is.  4d. 

Filter  Boxes  of  six  sizes,, corresponding  with  the  above  sizes  of  filten, 
each  box  adapted  to  contain  100  filters.  The  boxes  are  made  of  paste- 
board covered  with  cloth,  and  the  number  of  the  funnel  and  filter  is  letter- 
ed in  gold,  both  on  the  front  and  the  lid  of  each  box : — 3d.  to  Is. 

Price  of  a  Set  of  six  Funnels  with  best  funnel  holder,  and  a  set  of  ta 
boxes,  each  with  100  filters,  12s.  8d. 

Berzelius's  Washing  Bottle,  with  tube,  for  the  edulcoration  of  precipi- 
tates, by  a  fine  but  strong  current  of  water,  6  ounce.  Is. 

Glass  Washing  Bottle,  6  oz.,  with  an  albata  tube,  so  contrived  ts  to 
dispense  with  a  connecting  cork,  and  thus  obviate  the  occasional  stopping 
of  the  tube  by  fragments  of  cork,  6d. 

Washing  Bottle,  fitted  with  handle  for  use  with  hot  water  or  saline  so- 
lutions, 6  oz.,  glass,  oval  form,  with  tube,  complete,  3s. 

Berzelius's  Tube  for  supplying  a  continual  current  of  pure  water  n 
wash  precipitates,  3d. 

EVAPORATION  AND  CRYSTALLIZATION. 

Evaporating  Capsules  of  Berlin  Porcelain,  with  spreading  edge,  gltvd 
throughout.  A  few  of  these  basins  have  no  spreading  edge,  but  are  pc^* 
vided  with  a  spout.  At  present,!  however,  tbey  no  longer  make  tben 
at  Berlin  with  a  spout.    6d.  to  2$. 


Griffin^i  Cheap  Chemical  Apparatus.  S 

EvaiMTtting  and  Crystallizing  Capsules  of  salt  glazed  stoneware,  made 
▼ery  thin  at  the  bottom  and  with  spreading  edge.  Can  be  heated  over 
hot  sand,  or  over  the  spirit  lamp ;  useful  for  crystallizing.   2d.  to  Is. 

Berlin  Porcelain  Evaporating  Basins. 

Stoneware  Evaporating  Basins  with  spreading  edge. 

Berlin  Porcelain  Capsule,  with  handle  and  spout. 

Berlin  Porcelain  Water  Bath,  employed  to  dry  powders,  &c.-— can  be 
used  over  the  lamp  furnace. 

Berlin  Porcelain  Cups  of  thin  substance,  glazed,  for  evaporation  to  dry- 
ness, ignition,  and  weighing. 

Berlin  Porcelain  Shallow  Plates,  for  evaporation,  intended  to  replace 
watch  glasses,  glazed. 

Platinum  Capsule,  with  spout  and  handle,  1  inch  diameter,  one-third 
inch  deep,  7s.  6d. 

Platinum  Capsule,  1  1-2  inch  wide,  three-lOths  inch  deep. 

Ditto,  with  overhanging  edge,  1  1-4  and  2  inch  diameter. 

Platinum  Hemispherical  Cup,  with  handle,  1-2  inch  in  diameter,  28. 

Platinum  Stirrer,  or  Spatula,  for  the  small  capsules,  round  wire,  1  1-2 
inch  long,  one-20th  inch  thick,  2s. 

Platinum  Spatula,  flattened  wire,  one-8th  inch  broad,  one-20th  inch 
thick,  2  inches  long. 

Platinum  Sj[)atulas  of  a  larger  size. 

IGNITION. 

Berlin  Porcelain  Crucibles,  glazed,  conical  and  cylindrical  form,  with 
cover. 

Berlin  Porcelain  Biscuit  Crucibles,  for  fusing  nitrate  of  silver,  6cc,t  with 
perforated  cover  to  allow  the  escape  of  gases. 

Platinum  Crucibles,  London  made,  without  cover,  one-half  inch  deep, 
from  5s.  to  128. 

Platinum  Crucible,  with  cover,  1  inch  deep,  15s.  to  25s. 

Berlin  Porcelain  Cups,  which  serve  the  purpose  of  small  crucibles,  for 
igniting  precipitates,  fusing  chloride  of  silver,  &c.,  glazed,  Sd. 

SUBLIMATION. 
Hard  colorless  German  Glass  Tubes,  free  from  lead,  for  the  reduction 
of  arsenical  compounds,  Sec,     With  bulb,  straight,  pointed,  open  at  both 
ends. 


BLOWPIPE  APPARATUS  OF  ALL  FORMS  AND  VARIETIES 
WJTH  ALL  REQUISITE  APPARATUS  FOR  USE. 
Price  of  the  Blowpipe  Apparatus,  complete,  42s. 

DISTILLATION. 
Hard  Grerman  Glass  Retorts :  made  from  tubes  for  delicate  experimenti, 
lOd.  to  Is.  6d. 

Hard  German  Glass  Retorts,  stoppered,  from  Is.  6d.  to  Ss. 

Berlin  Porcelain  Retorts,  glazed  within,  biscuit  without,  Ss.  to  lOs.  6d. 

APPARATUS  FOR  GASES. 
Gks  Bottle,  oval  form,  with  turned  lip,  long  funnel,  two  bent  tabes,  and 
caoutchouc  connector,  3t.  6d.    Not'fitted  up,  It.  4d. 


4  Grijfin's  Cheap  Chemical  ApparaMus. 

Clark's  Gas  Bottle,  for  testing  >rith  sulphuretted  hydrogen  gms,  andfor 
preparing  hydrogen,  carbonic  acid,  and  other  gases,  Ss. 

Woulfe's  Bottle,  with  two  necks,  salt-glazed  stone  ware,  pi^t  Is- 

The  same,  fitted  with  diagonal  tube  for  the  preparation  of  hydrogen  gis, 
carbonic  acid  gas,  sulphuretted  hydrogen  gas,  &c..  Is.  6d. 

Stoneware  Gas  Bottle,  with  bent  neck,  ICioz.,  without  funnel,  for  th« 
same  uses  as  Clark's  bottle.  Is. 

Stoneware  Gas  Holder,  1  1-2  gallon,  with  funnel,  flexible  pipe,  tod 
coupling  screws,  complete,  8s.  6d. 

Ditto,  2  gallons,  complete,  10s. 

Stoneware  Pneumatic  Trough,  circular,ll  inches  by  5  inches,  witklM* 
hive  shelf,  for  supporting  jars,  and  conveying  the  gas  into  them,  2s. 

Stoneware  Trays  for  removing  jars  from  the  trough  when  Elled  with 
gas,  4  l-2d 

Complete  Set  of  Apparatus  for  collecting  and  experimenting  upot 
gases,  14s.  4^. 

Japanned  tin  plate  Pneumatic  Trough,  upon  an  improved  constructioD. 
for  jars  of  60  cubical  inches,  with  sliding  shelf  and  tray,  48. 

Pneumatic  Trough  for  Tubes,  in  a  single  piece  of  stone,  intended  fcr 
either  water  or  mercury,  and  requiring  less  than  4  lbs.  of  the  latter  u 
work  it.  Takes  in  tubes  6  inches  long,  1-2  inch  internal  diameter,  wak 
a  space  for  passing  solutions,  by  means  of  a  smaller  tube,  into  gases  om 
mercury.  Has  a  beehive  shelf  for  supporting  the  tubes  while  filiiog  wiiii 
gas,  Is.  6d. 

Berlin  Porcelain  Trays,  1  l-2d. 

Mercury  Pot,  with  cover  and  spout  in  one  piece,  6  inches  high,3  ioche 
wide,  with  name  in  black  enamel,  4s. 

Tubes,  glazed,  for  containing  substances  subjected  to  gmset  at  ahi^ 
temperature. 

Hard  Glass  Tubes  for  the  reduction  of  metals  by  ignition  in 

Cooper's  Mercurial  Receiver,  12  inch,   graduated,  6s.  6d. 

WEIGHING  AND  MEASURING  INSTRUMENTS. 


GLASS   BLOWING  APPARATUS. 

Water  pressure  Blowpipe,  with  stoneware  double  cistern  in  one  pka. 
and  bellows  to  supply  air ;  fitted  on  a  frame  with  treadle,  spring,  air  pip» 
and  nozzles. 

Glass  Blower's  Lamp,  complete,  tin  plate. 

Ditto,  superior,  after  Danger's  pattern,  with  hood  to  condense  tbesntb* 
tin  plate 

MISCELLANEOUS  APPARATUS. 

Sheet  Caoutchouc,  for  making  Elastic  Tubes,  6d.    Connectors,  2s. 

Hydrogen  Gas  Lamp,  for  the  instantaneous  production  of  light  bf  tk 
action  of  hydrogen  gas  upon  platinum,  storttware. 

Siliceous  Varnish,  to  render  paper  incombustible,  3s. 

Young's  improved  Voltaic  Battery  for  the  decomposition  of  water  ul 
of  saline  solutions,  lor  the  combustion  of  metals,  and  the  prodoctka  d 
^lectro-magnetic  phenomena,  in  a  stoneware  tlough,  SOs. 


QriJfMt  ChM^  Chendcal  Appturaius.  .    6 

Estimates  for  Sets  of  Cremigal  Apc^ASATirs,  of  Various  Extskt,  Se- 
lected FROM  THE  Catalogue. 

The  Estimates  present  what  appear  to  be  articles  of  most  general  use. 

Set  I. —  1  £  Is. — For  Small  Preparations,  Elementary  Testing,  etc. 

Set  II. — £1  Is.  For  Experimenting  upon  Gases 

Set  III. — £2  2s. — Complete  set  of  Apparatus  for  Analysis  by  the 
blowpipe . 

Set  IV. — £18  12s. — Containing  a  complete  set  of  Apparatus  for  Ele- 
mentary Experiments  on  Gases  ;  for  Demonstrating  the  Properties  of  the 
Principal  Chemical  Substances;  for  Liquid  Testing;  and  for  Blowpipe 
Analysis. 

Set  V. — £10  10s. — The  same  as  Set  IV,  with  the  omission  of  the 
Blowpipe   A]^)aratus. 

Set  VII. — £3  3s. — This  set  includes  a  Selection  from  the  Apparatus 
for  Blowpipe  Analysis  and  for  Experiments  upon  Gases. 

Models  of  Crystals  for  Students  and  Teachers  of  Crystallography, 
Tery  neatly  made  of  pasteboard,  and  varnished.  Price  158.  the  set  of  23 
varieties  ;  and  GOs.  the   set  of  100,  including   77  varieties  of  secondary 

form.  

EDE'S  PORTABLE  LABORATORIES. 

R.  B.  Ede's  Youth's  Laboratory  ;  or,Chemioal  Amusement  Box,  con- 
taining 40  Chemical  Preparations  and  Appropriate  Apparatus  for  the  per- 
formance of  Experiments.     Price  16s. 

Ede's  ChexMical  Portable  Laboratory,  containing  above  90  select 
and  useful  Tests,  Re-agents,  and  appropriate  Apparatus,  for  a  course  of 
instructive  and  entertaining  Experiments.     Price  £1  lis. 

The  SAME  Laboratory,  fitted  up  with  Stoppered  Bottles,  Glasi  Spirit 
Lamp,  Lock  and  Key,  and  French  Polished.     Price  £2  2s. 

Ede's  Chemical  Cabinet,  or  Amateur's  Laboratory  ;  consisting  of 
more  than  130  select  Chemical  Preparations  and  newly-invented  Appara- 
tus ;  for  performing  Experiments  both  of  demonstration  and  researcb, 
with  ease,  safety,  and  success.     £6.  9s. 

The  sABiE  Cabinet  is  fitted  up  with  extra  Apparatus,  and  finished  in  a 
superior  and  more  substantial  manner,  with  brass  name  plate,  sunk  han- 
dles, corners,  dtc,  suitable  for  travelling.     Price  £7  10s. 

A  Complete  Assortment  of  Chemical  Re-agents,  mostly  prepared 
in  Germany,  and  all  in  a  state  of  purity.  Also  a  variety  of  Rare 
Chemical  Products,  and  such  other  Prepartions  or  Mineral  Substances 
aa  are  requisite  for  the  prosecution  of  Chemical  Researches.  Students 
or  Teachers  may  be  supplied  with  these  Re-agents  either  in  sets  or  tingle  t^ 
articles.     The  prices  will  be  moderate. 

Many  new  and  useful  articles  and  several  instruments  which  haTe 
been  recently  improved  in  constracti&n,  embracing,  in  particular,  a  large 
assortment  of  Tube  Apparatus  for  Analytical  Chemistry,  made  of  hard 
white  Qerman  Glass,  by  first-rate  German  workmen,  after  the  roost  ap- 
proved patterns  of  Berzelius,  Faraday,  Rose,  Mitscherlich,  Liebig,  Griffin, 
dtc.  The  Annealing,  Stoppering,  and  Graduating  of  these  instnunents 
has  been  done  in  the  best  manner. 

Masters  of  Seminaries,  in  which  Experimental  Sdence  and  Natural  His- 
tory are  taught,  will  find  fliese  catalogues  to  be  weii  worth  their  attention. 
The  articles  which  they  describe  are  of  a  useful  Mud,  adapted  to  the  pres- 
ent state  of  the  dififerent  sciences,  and  charged  at  moderate  prices. 
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6  Griffin^s  Cheap  Chemkai  Apparat^u. 

ELECTRp^MAGNETIlill. 

Nobili's  Compendious  Electro-magnetic  Apparatus,  comprising  a 
ty  of  instruments  for  performing  the  fundamental  experiments  oflhit  9^ 
ence,  in  a  mahogany  box,  £6  6s.  ' 

FURNACES. 

A  Stoneware  Table  Furnace,  for  Evaporation  by  a  charcoal  fire,  mi 
shortly  be  ready  for  sale.  * 

Sefstroem's  Blast  Furnace,  on  a  small  scale,  to  be  used  with  coke,  it 
preparation. 

Also  the  celebrated  portable  Iron  Furnaces,  manufacturad  by  Lokne, 
of  Berlin,  at  from  2  guineas  to  6  guineas  each. 

GAS   APPARATUS.  * 

Gahn's  Cylinder  Holder  in  wood,  as  described  by  Berzelius,  7s, 
Gahn's  Hand,  polished  boxwood,  for  lifting  small  pans,  d&c,  4a. 
Gay  Lussac's  Retort  Holder,  large  size,  wood,  6s. 
Gay  Lussac's  Decanting  Tube,  with  long  spout,  used  in  the  analjnsc 

alkalies,  d^c,  11  inches  by  4-5tbs  inch,  2s.  6d^ 

Glass  Bulbs,  with  hooks  for  suspending  Anatomical   Preparatioss  a 

Spirits  of  Wine,  1-2  inch  to  1  1-2  inch,  3d,  each. 

Glass  Cone  for  producing  a  rainbow  when  held  in  the  sun,  or  agitv 

an  opening  in  a  window-shutter,  2  inch,  2s.  6d. 

GRADUATED  GLASS  TUBES. 

Eudiometer,  with  Platinum  wires  soldered  into  it,  tube  14tol7iiick- 
es  long  by  3-4ths  inch  wide,  graduated  in  lOOths  of  a  Paris  cubic  ladL 
8s.  6d. 

Otto's  Acetimeter,  for  testing  the  strength  of  acetic  acid  by  solatioo  of 
litmus,  100  divisions  above  the  mark  for  the  normal  acid,  tube  13  iocbs 
by  3-4ths  inch,  9s. 

Descroizille's  Alkalimeter,  100  divisions'  tube  12  by  1  inch,  9s. 

Descroizille*s  Acetimeter,  100  divisions,  tube  12  by  1  inch,  9s. 

Descroizille's  Bertholimeter,  for  testing  the  strength  of  bleaching  powder. 
9s. 

Griffin's  Stoneware  Lamp  Furnace. 


HYDROMETERS. 

Hydrometer  for  taking  the  specific  gravity  of  liquids  from  100®=^ 
up  to  200°.  Another  Hydrometer  ranging  from  100®  down  to  65°  eti 
provided  with  a  cylinder  for  holding  the  liquid  to  be  tried,  and  witk  1 
packing  case.  Price  of  the  pair,  20s.  This  Hydrometer  shows  tbespe 
cific  gravity  of  all  liquids,  from  alcoW  to  oil  of  vitriol,  by  a  simple  dinct 
operation!  Stte.  from  calculation . 

Hydrometer  consisting  of  two  cylindrical  Spindles,  larger  than  ike 
foiegoing,  range  from  0.70  to  2.00,  with  cylinder  for  the  solutions  tpb 
tried,  and  a  Chemical  Thermometer  for  taking  the  temperature,  in  api^ 
ished  mahogany  box,  lined  with  leather,  19  inches  long,  31s.  6d. 

Hydrometer  after  Baum^,  one  spindle  for  li^ht  liquids,  range  froB  VP 
to  80^,  another  Spindle  for  heavy  liquids,  from  0^  to  80^,  with  a  tobeii 
foot  for  the  solutions  to  be  tried,  and  a  Chemical  Thermometer,  in  a  pobi^ 
ed  mahogany  box,  3l8.  6d, 


Griffin'g  Cheap  Chemical  Apparatus.  1 

Hydrometers  of  all  kiiAb. 
-  Kerr*s  Tube  fur  Collecting  and  Exagiinilig  Gases,  disengaged  by  the  ac- 
tion of  a  liquid  upon  a  solid,  German  Glass,  made  in  a  very  superior  style* 

LIEBIG'S  APPXrATUS  FOR  ORGANIC  ANALYSIS. 

Madejexactly  after  pat*erns  received  from  Professor  Liebig. 
Long  Tube  of  hard  white  Bohemian  Glass,  with  bent  point,  being  the 
tube  in  which  the  orgnnic  substance  is  to  be  i^rnited  with  oxide  of  copper. 

Light  tube  wiih  bulb  for  containing  chloride   of  calcium  to  absorb  the 
water  produced. 
;         Glas9  apparatus  with  five  bulbs,  for  containing  solution  of  potash  to  ab- 
sorb the  carbonic  acid,  made  very  light,  and  exactly   after  Liebig's  pattern. 
A  Glass  Cylinder,  containing  ten  cubic  inches,  graduated  into  tenths  of 
an  inch,  for  coHeciing  azote. 
^        A  long  chloride  of  calcium  tube,  to  use  in  drying  substances  with  the 
[    air  pump. 

A  bulb  tube  for  containing  the  hot  oxide  of  copper. 
ij        A  long  tube  with  a  bent  neck,  employed  in  saturating  any  solution  vnth 
a  gas,  as  alcohol  with  chlorine,  &c.     N.  B.  This  tube  is  extremely  useful 
V  in  many  operation   of  Inorganic  Analysis,  where  a  small  quantity  of  the- 
solution  of  gas  has  to  be  prepared. 

Iron  Furnace,  for  Organic  Analysis.  ^ 

Marsh's  Tube  Apparatus  for  the  detection  of  arsenic  in  solutions ;  with 
mahogany  support,  and  brass  stop-cock,  8s. 

Ditto,  the  glass  tube  alone  18  inch  by  3-4ths  inch,  U  form,  in  a  box,  3s. 

Models  of  Crystals,  accurately  imitated  from  perfect  natural  crystals,  2" 
to  4  inches  long,  executed  in  cream-coloured  biscuit  stoneware,  which  can 
be  written  upon  with  a  pen,  or  black-lead  pencil: — 120  in  a  box,  for  63s. 
60  in  a  box  for  31s.       Single  modeL'?,  9s.  earh. 

Models  of  Crystals,  34,  cut  in  wood,  1-2  inch    long,  German,  per  set, 

2l8.  

Thin  capsules,  supported  by  a  slight  pair  of  iron  or  platinum-pointed 
tongs,  found  to  answer  all  the  purposes,  and  to  be  cheaper  and  more  con- 
▼enient  than  platinum  spoons. 

Sommering's  newly  invented  Camera  Lucida,  for  the  use  of  artists,  10s, 
Large  Lamp  of  the  same  form,  Japanned  tin-plate,  12s. 

NEW  SUPPORTS. 

Berzelius*s  Table-shaped  Supporter,  with  sliding  rod  and  screw,  upon 
which  a  lamp,  or  lamp  furnace  can  be  raised  and  firmly  supported  at  any 
elevation  from  ten  to  twenty  inches  above  the  work-table,  black  wood,,  var- 
nished, 3s. 

Improved  Sefstrom*s  Holder,  on  a  support  two  feet  high,  which  unscrews 
for  travelling,  black  wood,  varnished,  boxwood  screws,  7s. 

Berzelius's  Funnel  Support,  large  size,  rod  two  feel  high,  unscrews  f«r 
ifavelling,  black  wood,  varnished,  4s.  6d. 

Sefatroem's  press  for  supporting  condensers,  retorts,  etc.  48. 

Gahn's  Cylinder  Holder,  for  gaseous  manipulation,  28. 6d. 


8  Grifin^s  Qkeap  Chendcal  Apparatus, 

THERMOMETERS.^ 

These  thermometers  are  all  made  by  experienced  Gennan  workmo* 
and  will  be  fouad  to  be  ^excellent  quality.  In  the  lyhole  of  them  the 
mercurial  tubes  are  of  flat  bore,  which  renders  the^^osiiiOB  of  the  mersurj 
more  distinct. 

Chemical  Thermometer,  with  Scale  in  enamel  colours,  oil  milk  glas, 
up  to  600^  Fahrenheit,  sealed  in  a  glass  tube,  16s.  6d.  in  a  case. 


FRENCH  WEIGHTS. 

Box  containing  from  2  decagrammes  to  1  milligramme  in  bras?,  acci- 
rately  adjusted,  10s. 

Box  containing  from  1  decagramme  to  1  gramme  in  German  silver,  tai 
from  5  decagrammes  to  1  milligramme  in  platinum,  248. 

Apparatus  adapted  for  the  analysis  of  soils,  stones,  ores,  and  of  chcL- 
cal  preparations  in  general. 

In  preparation^  a  set  of  apparatus  adapted  to *the  performance  of  Cka 
Experiments,  and  intended  for  the  use  of  Mechanics*  institutions,  where  i: 
is  customary  to  have  occasional  courses  of  Twelve  Popular  Lectures  c: 
Chemistry.  It  is  proposed  that  this  set  shall  contain  apparatus  to  sapplj 
Ipfficient  experimental  illustration  for  such  a  Course,  and  that  the  price  c:' 
It  shall  be  from  £20  to  £30. 


The  Catalogue  of  Chemical  re-agents  embraces  nearly  every  prep«- 
tion  required,  by  a  Teacher  to  enable  him  to  demonstrate  the  leading  prin- 
ciples of  Chemistry,  and  the  properties  of  the  most  important  substance!  ■ 
by  a  Student,  to  enable  him  to  repeat  the  Experiments  that  he  witness^ 
at  Lectures,  or  finds  described  in  books ;  and  by  an  Analyst,  to  eubif 
him  to  execute  the  Analysis  of  Minerals,  Salts,  Mineral  Waters,  Pxiisvi*. 
etc. 

Most  of  these  substances  have  been  manufactured  by  experienced  Ch?^ 
ists  in  Germany.  Those  marked  Pure  have  been  expressly  prepared  '.k 
Chemical  Analysis.  Those  marked  Commercial  have  been  manufact::- 
ed  in  the  large  way,  and  on  the  most  approved  methods,  for  the  u5€  in  'i*. 
Arts.  Many  of  these  are  chemically  pure,  and  the  impurities  in  C'^t'^. 
are  quite  unimportant  as  respects  the  operations  in  which  the  substarces 
are  likely  to  be  employed. 

The  preparations  are  all  sealed  up  in  bottles,  to  prevent  their  contarii- 
ation  and  to  carry  them  safely  to  distant  places,  and  to  any  climate.  TteT 
are  all  distinguished  by  printed  Labels,  so  that  they  can'be  used  tore'J- 
the  re-agents  when  in  the  Laboratory.  The  bottles  are  of  a  round  i:^- 
short  and  wide,  for  convenient  use. 

Pure  Prepared  Re-Agents.  These  only  require  to  be  dissolved  in  dis* 
tilled  water,  to  be  fit  for  use. 

Bottles  for  Test  Solutions,  with  Indelible  Inscriptions,  about  thirty  so!ti> 
3oz.,  each  2$.  6d. 

Chemical  Labels,  for  fixing  to  Laboratory  Bottles,  three  bundled  ic- 
twenty  in  number. 


